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PREFACE TO THE ENGLISH EDITION. 



This book was written by Prof. Prantl to meet a growing 
demand for a work on Botany, which, while less voluminous 
than the well-known "Lehrbuch" of Professor Sachs, should 
resemble it in its mode of treatment of the subject, and should 
serve as an introduction to it. That it has not failed in this 
object is shown by the fact of its having already reached a third 
edition. It is hoped that this English Edition will as adequateJy 
supply the want of a work of this kind which has long been felt 
in this country. 

In preparing this edition for publication, I have felt that the 
main object was the production of an accurate and intelligible 
translation, and I have therefore made but few alterations in 
the Author's text. I have ventured, however, to introduce 
the General Classification of Thallophytes (page 103) proposed 
by Prof. Sachs in the fourth edition of his " Lehrbuch," for I 
am of opinion that this mode of regarding the Thallophytes 
is a considerable assistance to the student. In consequence 
of this I have arranged the various families of Thallophytes in 
an oixier which is slightly different from that followed by Prof. 
Prantl. 

Further, I have not designated the decomposition of carbonic 
acid and water by the chlorophyll under the influence of 
light, by the term "assimilation," as is usually done. This, 
term has already a well-defined meaning in Physiology, and 
it is therefore a mistake to re-introduce it in another sense. At 
the same time I do not feel myself quite in a position to 
suggest a term to replace it. 



V Errata, 

Finally, I would draw the attention of the student to the 
fact that in describing branch-systems, inflorescences, &c., the 
tenns " helicoid " and " scorpioid " are used in a manner exactly 
opposite to that in which they are usually employed in England. 
This difficulty is explained in a foot-note on page 159 of the 
English edition of Prof. Sach's " Lehrbuch ". 

S. H. V. 

Cambbidoe, March, 1880. 
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Piige 7, line 3 from the bottom : for ** Hombean " read ** Hornbeam ". 
19, line 4 from the top : for ** phyllode '* read " phylloclade ". 

128, line 6 from the bottom : for ** Calicice» " read " Caliciese ". 

129, line 15 from the bottom : for ** U. occulta** read ** Urocystis occulta**, 
182, line 11 from the bottom : for '* Csecoma " read ** Cseoma ". 
188, explanation of Fig. 104 : for ** central-cell " read ** oosphere ". 
151, line 18 from the top : for " yenation " read " yemation ", 
155, line 6 from the top : for ** Danae " read ** Daneea*'. 
188, explanation of Fig. 148: for "axillary placentation "read **axile 

placentation ". 
217, line 15 from the top : for ** Conmelyna" read " Commelyna ". 
The eighty-fourth page is erroneously numbered 48. 
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PART I. 
THE MORPHOLOGY OF PLANTS. 



§ L The Members of the Plant. A plant consists of a 
number of parts which are distinguished as roots, stems, leaves, fruits, 
&c. These may be considered scientifically in two ways ; either with 
reference to their functions in the economy of the plant, when they 
are regarded as the organs by which these are performed, and are 
the subjects of physiological study : or, their functions being disre- 
garded, their relative position, the place and mode of their origin, 
the course of their growth, and their relative size may be considered, 
that is, they may be studied from a purely mc»rphological point of 
view, when they are regarded merely as parts of a whole and 
designated as members. From this point of view all organs may be 
included in four categories, namely, Roots, Sterns (Caulomes), Leaves 
(Phyllomes), and Hairs (Trichomes). When the body of a plant 
does not present any differentiation into members, as in the case of 
the Algae and Fungi, it is termed a Thallus (Thallome). 

With the exception of the primary stem of the seedling, all mem- 
bers are developed laterally upon others, which may or may not belong 
to the same category. A root, for example, is repeatedly producing 
lateral roots which are similar to each other and to the main root from 
which they have arisen; a stem, on the other hand, produces, in 
addition to branches which are similar to itself, leaves and roots. 
Every member remains in connection by its organically lower end, its 
base, with the member from which it has been developed : the opposite 
end is the organically upper end or apex. Those members, viz., stems 
and roots, which more especially produce lateral members, continue to 
grow at their apices, and the lateral members are normally developed 
behind the apex in such a way that the youngest of them lies nearest 
to the apex. Thus, the youngest lateral root is the nearest to the apex 
of the mother-root, and it is the youngest leaf which is the nearest to 
the apex of the stem ; hence in all normally developed members the 
succession in time may be inferred from the succession in space ; that 
is to say, in counting the leaves on a stem from the base upwards, the 

1 



2 PART I. — THE MORPHOLOGY OP PLANTS. [§ 2. 

order of their succession in space denotes the order of their de- 
velopment. All lateral members which are thus arranged are said to 
have originated in acrqpetcd succession. When in any cross section 
of the parent member not one only, but two or more lateral members, 
occur at the same level, this mode of arrangement Is termed a wJiorl ; 
for instance, of secondary roots round a parent root, or of leaves round 
a stem — as in Herb Paris (Paris quadrifolia). Those members which 
lie at the same level and form a whorl may be developed simultan- 
eously or one after the other ; hence a whorl may be simultaneous or 
sitccessionaL In the latter case it is more difficult to distinguish the 
acropetalous succession as well of the whorls as of their individual 
members. Those members are said to be adventitious which are not 
developed at the growing point but on older parts, and which are 
therefore not arranged in acropetal succession; for instance, those 
lateral roots which are developed from older ones, and many branches 
from old stems. The formation of lateral members may either take 
place eosogenously, in which case they originate from the outer layers 
of tissue of the parent-member, as leaves do from that of the stem 
(Fig. 1), or endogenouslyy in which case they are formed from the 
internal tissue of the parent-member, and have to penetrate its outer 
layers ; it is in this manner that roots are developed either from older 
roots (Fig. 20) or from stems. 

§ 2. Of the Leaf and Stem in general. These two ideas 
are so intimately connected that it is impossible to think of one with- 
out the other, as is evident from the following definitions : 

Every part of a plant which produces leaves at its growing end is 
called a Stem or Aads ; a stem, together with the leaves it bears, is 
known as a Skcot 

Leaves are distinguished by the following characters. 1, They 
originate always in acropetalous succession (they are therefore never 
adventitious); 2, they are always exogenous; and 3, they always 
assume a form different from that of the stem and its lateral branches 
upon which they are borne. 

The leaves are developed in very close apposition at the apex of the 
stem. The portions of the stem which lie between the individual 
leaves may either remain quite short, as in the case of the rosette of 
leaves of the Plantain, of the House-leek, of the tufted leaves of the 
Larch and in most flowers; or they may undergo a considerable 
elongation so that the leaves become widely separated ; in this case the 
elongated segments of the stem are termed intemodes. The boundaries 
of the internodes, termed nodeSy are sometimes prominently developed, 
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more particularly when the leaves are airanged in whorla, e.g., Labiatae, 
or when they enaheath the stem. The portion of the surface of the 
stem from which the leaf arisea is the insertion of the leaf, and its 
organic centre is called the 
_pOT7if of insertion. After tlie 
fall of the leaf the surface 
where it was inserted remains 
for a long time risible as a 
scar or cicatrix. 

So long as the intemodes 
have not begun to eloi^te, 
and the leaves are still folded 
blether so as to cover the 
apex of the stem, the grow- 
ii% end of each shoot is known 
as a bud (or gemma). The 
bud which lies at the apex of ' 
a shoot, the lower portion of 
which has already undei^ne 
elongation, is a termijial hud ; 
the M&rai huds are tie eariy ^, ^"- '■-i"«^™«» ioogit«dta«i 

** tanosn tu giowlng apex of a sum ; b, thfl luTea ; 

stages of shoots developed tn, tiuir uiiiu? badm. 
laterally upon a growing main 

shoot, which often remain in this condition for a oonsiderable time. 
The arrangement of the lateral buds, and consequently that of the 
hianches which are developed from them, is closely related to that of 
the leaves j thus in Moeses and many Terns they are developed 
immediately below or by the «de of a leaf; in the higher plants, 
always in the axil of a leaf, that is to say, in the angle made by a 
leaf witb the intemode above its ibseition. In the latter case 
they make their appearance at the first formation of the leaves 
(Fig. 1, kn). With few exceptions, they ate developed in the axil of 
every leaf, the Asceptions being the leaves that form the flower and 
those of many of the Conifers. 

§ 3. The Arrangement of the Leaves (Pbyllotaxia). The 
arrangement of the leaves on the stem is moat intimately connected 
with the aciopetalous order of their development ; and since, as has 
been already shown, the arrangement of the lateral shoots depends on 
that of the leaves, the same laws determine the arrangement of both 
tbeee sets of members, which apply generally to all acropetally developed 
members of plants These lawe are most conspicuously exhibited in 
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the anftttgement of the leaves, and they will be fully discussed with 
reference to these members only. 

Leaves aie developed either in wliorh, that is to say, two or more 
at the same level on the stem, or singly, when their arrangement is 
eaid to be scattered. In consequence of shortening of the internodes, 
leavee which have been really developed singly, or their axillary bods, 
may be brought tt^ether at the same level on the stem, thus forming 
a spurioug whorl, as in the case of the upper leaves of the Tiger-lily 
and the false whorls of- branches in the Fines. 

The arrangement of the leaves on the surface of the stem is very 
Tariable; this is particularly conspicuous in the cases where the leaves 
are arranged in whorls, for which reason these will be first discussed. 
If a whorl consists, for instance, of two leaves, it is obvious that 
they will be placed exactly opposite to each other on the surface of 
the stem, and that the distance between them, measured from the 
points of insertion, will amount to just half the circumference of the 
stem. Similarly, if the whorl consist of three leaves, the distance 
between any two adjacent leaves will be ^ of the circumference, and 
so forth. The lateral distance between the points of insertion of two 
adjacent leaves, measured on the circumference of the stem, is called 
their divergence, and it is expressed in 
fractions of the circumference. 

Moreover, it ia a rule, though not 
without exceptions, that the successive 
whorls alternate, so that the leaves of 
any whorl lie opposite to the intervals 
between the leaves of the whorls 
above and below it. Thus the leaves 
of alternate whorls are exactly above 
each other (Fig. 2). 

This arrangement, as in fact all 
relations of position, may be very 
plainly exhibited by means of dia- 
grams (e.g.. Figs. 3 and 4). Such a 
diagram consists of a ground-plan of 
the stem, regarded as being a cone, 
_ „ , -. , , , -.. . . and looked at from above : the inser- 

FiO- S.— Btcou ijt Lft rpl i ii D with whoru 

s-s, tiie •accog- tion of each leaf will lie upon one of 
a series of concentric circles, and the 
higher the insertion of the leaf upon the stem, the nearer to the centre 
will be the circle of the diagram upon which its insertion ia indicated. 
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It may be perceived in the diagtam Fig. 3, that when the leaves 
are arraoged in alternate whoila they fonn twic« as many longitudinal 
aeriea on the atem as there are leaves in each whorl, provided, of coiurse, 
that the number of leaves in each whorl is 
the same. These longitudinal series, which 
are indicated in the digram by ladii, are 
called orthogiiehies. 

This particular arrangement of alternate 
whorls of two leaves occurs very frequently, 
and is termed decussate arrangement The 
two leaves of each whorl are said to be 
opposite. It is comparatively rare for equal 
successive whorls to be Huperposed, that is, i 
that the leaves of each whorl should lie ex- ' 
actly above or below those of the others, so 
that there are only as many orthostichies as there are leaves in each whorl. 




S.— DiAgTKm ot ■ Slmn 



Examples of decuBsate lesvea : tbe Cuyophjllaces, the Labiabe, the Caprifo- 
liacesB, to vhich Ijelong Syringa (Lilac), Lonicera {HoneyBUckte), and Sambucns 
(Elder) ; the Maple, the Horse-chestnut, and tb« Ash. In Aiamrttu caiharlicus 
the two leaves of each whorl are usuatly at a BllghUy different lerel. 

Alternate whorli of 3 (irrespective of flowers) occnr in the coannoD Juniper, 
in Catalpa, and occasionally in the Horse-chestnut ajtd the Maple. 

When the leaves are arranged in a scattered manner it is easy to de- 
tect that, within a certain region of tbe stem, their divergence is constant, 
that is, that the distance between any leaf and its immediate prede- 
cessor and successor is a certain fraction of the circumference. In 
the simplest case, when 
the divergence is ^ 
(Fig. 4 A), starting 
with any leaf 0, the 
insertion of the next 
leaf in succession on 
tbe stem, which may 
be numbered 1, will be 
exactly opposite to that 
of the leaf 0, and the 
next leaf, numbered 2, 
will be opposite to 1 ' 
and exactly above 0. 

Thus there are two orthostichies. In proceeding from leaf to 
1, 2, 3, and so on, always in the same direction, the circumference of 
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the stem is txavereed in a Bpiial vhich, in the coniBe of each whole 
turn, toncheB the bases of two leaves and intersects the saine oitho- 
stichy. This spiral will pass through the insertion of every leaf, and rs 
it. does so in the order of their development, it is known as the genetic 
rpircd. The unntber of leaves which is included in one turn of the 
spiral is termed a cydfi. When the divergence is \, tlie leaf numbered 
3 comes exactly above leaf ; 4 over 1, 5 ovei 2 ; and so on ; and there 
are 3 orthoatiohous lines, the cycle being composed of three leaves. 
It might be said with equal accuracy that the divergence is §, since 
leaf 1 is distant §- of the circumference from leaf 0, if the spiral be 
followed in the other direction. If it be continued in this direction, 
it will pass round the stem twice in each cycle. For the sake of 
simplicity, the spiral is not traced in this longer way, but in the 
shorter way. When the numerator of the fraction of divergence is 
not 1, but some other rational number, the spiral passes round the 
e than once within the cycle, in fact, just as many times as 
is expressed by the numerator 
of the fraction of divergence ; 
the denominator of the frac- 
tion expresses the number of 
the orthostichies. In F^ 
5 and 6, which represent 
a constant divergence of 
f, it is easy to see that 8 
orthostichies are present, leaf 
9 being over 1, 10 over 2, 
and BO on ; also that the 
spiral returns to the same 
orthostichy after 3 turns, and 
thus makes three turns round 
I the stem in one cycle. 

If it is required to deter- 
mine the mrangement of the leaves (phyUotaxis) on a stem, it is 
necessary to find the leaf which is exactly above the one, numbered 0, 
selected as a starting-point, and then to count the number of leaves 
which are met with in following the shorter spiral round the stem 
between these two leaves. The number of the leaf which lies in the 
same orthostichy is the denominator of the fraction of divergence, and 
the numerator is the number of turns made by the spiral between the 
two leaves. 
When the number of orthostichies is greater than 8, it becomee 




Fro. 9.— Diagram o< m ttaa vttli s cosataat dii 
gencA of g. I. II, III etc. 
(altar Sncbe). 
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yery difficult to detect them, pBrticularly when the leaves are closely 

arranged, as in the rosette of the House-leek, the capitulum of the 

Sunflower, the scales of a Fir cone. Another 

set of lilies lying obliquely then strike the eye, 

called paraalichiee, which also run lonnd the 

stem in a spiral, but touch only some of the 

leaves ; for instance, in Tig. 6, the line which 

connects the leaves 3, 6, 9, and 12. It is 

evident that the number of parallel para- 

atichiee must be as great as the difference 

between the numbers of the leaves in any 

one such line. Thus in Pig. 6 one parastichy 

connects the leaves 2, B, S, 11, and so on; 

and another, the leaves 1, 4, 7, 10, &c. 

From this it is possible to deduce a simple 

method for ascertaining tike phyllotazis in 

complicated cases : the paraetichiee which 

run parallel in one direction are counted, 

and the leaves in one of them are numbered 

according to the above-mentioned rule ; by 

repeating the process in another system of 

parastichies which intersects the first, the 

number of each leaf will he found. 

The commonest divergences are the follow- 
tag: i i, J, J, ft, ft, H- 

This series is easy to remember, for the nume- *^- 6,-Di»B™n of b stem 
rator of each fraction is the sum of those of o,DBU„t dinigenoe oi i ; ibe 
the two preceding, and it is the same with iw™ of ^' ™t«ior surfnce 

.1 i - . ufi Indicated hj tbeir iDser- 

the denominators. a™, u™. or oi poBtorior by 

There are, however, divei^ences which are cmtea : uwy m oonnocted by 
not included in this aeries, e.g., i, *, %, &c ""^l^r^J; 'iL'' ''' "^' 
In some cases the constraction of a spiral 
with a constant divergence ia impossible, as 
in Solvinia. 

The causes of this regularity of arrangement of the leaves lie partly 
in the mode of origin of the leaves at the apex of the stem and partly 
in the displacements which they undei^ in the course of their sub- 
sequent growth. 

Instances of the divergence ) : all Glasses and the smaller branches of the Elm, 
t^ Lime, the HomheantBud the Beech ; in these, particaliirly in the last, llie 
leaves undergo displacement, so that on the under Bide of the branch the diver- 
gence is less, and on the npper aide it is greater than }. 
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8 PAST I. — THE KORPHOLOQT OF PLANTS. [§ 4. 

Divergence of i ie found in all the Sedges, and in the branches of the Alder 
and Agpen. 

Divergence of f may he regarded as the most frequent ; it occurs in many 
herbaceous plants and in moat of the smaller branches of the Willow, the Poplar, 
the Oak, the Boee, the Chenr, and the Apple. 

The Bcicnlar leaves of the Firs and Spraces nanally have a divergence of { and 
Vs ■ A occnra very conunoolj in the cones. 

Finally, it may be observed that the genetic spiral turns sometimea to the right 
and sometimes to the left on the stem : in botanical terminology, a spiral is said 
to be right-handed when it mna in such a direction that if the observer ascended 
along it be woold hsve the axis on his right ; and left-handed, when it runs in 
the contrary direction, 

§ 4. The Form of the Mature Leaf. A leaf is -aeaaliy 
flattened horizontally into a broad surface ; it is thin, and of such a 
form that it can be divided by a perpendicidar plane, the meilian 
plane, into two similar halves. The halves are usually counterparts, 
like the right and left hand, of an object and its reflected image ; the 
leaf is then said to be gymmetrical. Unsymmetrical leaves, the halves 
of which are not similar, occur in the Elm, and very conspicuously in 
15<^onia. The lower or outer surface of the leaf usually differs from 
the upper or inner surface in structure, colour, hairiness, &c. As a 
rule the surface of the leaf is extended at right angles to the median 
plane, and also to the losgitudinal axis of the stem ; but this original 
position is frequently altered by subsequent torsions. Decussate 
leaves, for instance, are often so twisted that the upper surfaces of all 
of them come to lie in one plane, as in PhUadelphue; and on the horizon- 
tal branches of the Silver Fit the leaves that grow 
on different parts of the stem are so twisted that 
their upper surfaces are all directed towards the 
zenith. Earely, as in the Iris, the leaf is from the 
flrst extended in the median plane itself. 

Departures from the ordinary flattened form of the 
leaf are found in the actcular leaves of the Spruce, 
the cylindrical leaves of many species of Sedum 
and Mesemhryanthemum, and in the tubular leaves 
of All''"" and Juncus. 

The leaf is usually regarded as consisting of 

three -parta : the sheath, the stalk, and the blade. 

Fm. T.-Lmf oi »>- The aheafh (Fig. 7 o) encloses the stem at the 

sbZ^' /*rt^ ■ I iiisertion of the leaf, assuming a tubular or sheath- 

biiKia (oat iteBX like form ; it is lai^ly developed in Grasses and 

Umbelliferae ; the leaf-gtalk or petiole (Fig. 7 p) 

is narrow, usually semi-cylindrical or prismatic in form, and bears at 
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ita end the expanded Uade or lamina (Fig, 7 I). These three portions 
are not, however, developed in all" leaves. Many leaves, as those of 
the Maple and the Gouid, have only petiole and blade ; others, as the 
Grasses, only sheath and blade. Frequently the blade only is present, 
as in the Tobacco and the Tigoi-lily, when the leaf is said to be sessile. 
The stipules must be regarded as belonging to the sheath. In many 
plants they take the place of the sheath and appear as two outgrowths 
at the base of the leaf (Fig. 8 B and C s s). They are often similar 
in colour and texture to the leaves, as in Willows, Peas, the Violet, 
and the Eubiaoeae, in which they are compound; in other plants, on 
the contrary, they are colourless or brown, and fall ofT soon after the 




Fio. 8.— A P&rt of A lAf of OnH (Pat trvmalU) with the ligula 1.' a the bHiiIni; r tha 
ahvth; I IudIhb of tlie leaf. B Leaf of ■ WlUow tSalix CaprraJ: a gtsm; ii itlpulea: p 
petiole :/ Isinlns ; *»illl«jy bud {n»t elwl. C Leal of b PealPintm annaej: aatem; jt 
Btlpulea; mchis;//kmfletfl ; r/r/the upper [mflgUmetUDOrphofledlnbitandTili; rend of 
Uie rachia likewise buuformed to a tendilL 

leaf is nnfolded, aa in the Beech, the Elm, and the Lime. Sometimes 
a pair of stipules occur as well aa a sheath, and they appear as teeth 
at the top of the sheath, as in the Boss. 

Only in comparatively few plants does a ligide oceur ; this is a 
small outgrowth from the anterior (inner) surface of the leaf which 
is found in the Grasses at the junction of the sheath and the blade 
(Fig. 8 A t), and also in the petals of many flowers, as Lychnis and 
Narcissus. 

In the case of most leaves it is obvious that their internal 
tissues are differentiated. The fundamental tissue, which is gener- 
ally green, the MesophyU, ia traversed by bright bands, which are 
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the fibio-Tsacolar bundlea oi so-called veim. These osaally project 
on the under surface, and when the leaf decays, remain for a time 
as a skeleton of the leaf. The distribution of these bundles, the 
venation, is chaiactetiatic of laige groups of plants. In the nanow 
leaves of most of the Monocotyledons the veins are ponllel, branching 
ntrely or not at all 
(Fig. 13 L) ; while 
in many of the 
Dicotyledons only 
a few veins enter 
the ' leaf which 
branch frequently 
f and anastomose, 
forming a reticu- 
lated venation. 
According to the 
ramification of the 
veins, the leaf may 
be either pinnate 

Fro. 9. -A, PfnMto vBMUon o( tho leaf uf tha Baech. Faipu (yiro- (FiS- 9-^)i ^^^ ^ *" 
tita : m. mld-rlb, n, latanl veliu ; B. Palmate Tmatlon of tha imi sBT, a median Vein 

or mid-nb runs 
through the leaf and gives off several lateral branches, e.g.. Tobacco, 
Beech, and Elm; oi it may be palmate (Fig. 9 B), that is, the 
vein divides at its 
entrance into the 
lamina into a num- 
ber of equal diverg- 
ing veins, which 
may again divide, 
ag. Maple and Ivy. 
In descriptive 
Botany, a number 
of terms aie used 
to deacriho the de- 
tails of the inser- 
tion, the contour, 
the apes, maigin. 





eapriraiiuj 

tion of leaves. The most important are as follows : 
When the blade spriiigB iuunediatel? trom the stem the leaf ia said 



and the segmenta- 
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ampleancaul, wheu it surrounds the whole, semi'amplexicaul, when it surrounds 
only half of the circumference of the stem at its insertion (Fig. 10 A, Thlaapi 
peffolitUwmJ ; perfoliate, when the two opposite margins of the base of the leaf 
meet and coalesce on the opposite side of the stem from the point of insertion, 
e.g., BupUtirum rotundifoUum (Fig. 10 ^. This form must not be confounded 
with connate leaves, in which case two leaves growing at the same level on opposite 
sides of the stem unite at their bases, e.g., the Honeysuckle (Lonicera caprifolium, 
Fig. 10 CJ, 

In decurrent leaves leafy wings extend downwards from the insertion along the 
stem, which is then said to be toinged, e.g., many kinds of Mullein (Verbascum) 
and the leaf-stalk is sometimes winged in the same way by a downward growth 
of the lamina. 

The petiole is occasionally inserted on the under side of the blade, which 
is then said to be peltate ; but it is usually inserted at its lower edge, and is 
either sharply defined from it or gradually merges into it ; an example of this 
latter mode is afforded by the ctmeiform leaves of the Daisy (Bellis perennis), 
A heart-shaped or cordate leaf is one of which the lower edge is deeply hollowed 
in the median line, whether it be sessile or stalked, e.g., the Lilac (Syringa). 
It is arrow-shaped or aagUtaie, when the blade is much prolonged on each side of 
this hollow, as in the Arrow-head (Sagittaria). As to the general form of the 
leaf, it said to be linear when the opposite edges are nearly paredlel, e.g., in 
Grasses ; lanceolate, when the leaf is at least four times as long as it is broad, 
e.g., the Rib- wort (Plantago) ; elliptical, when the leaf is about twice as long as 
it is broad, e.g., the leaflets of the Rose ; ovate, when the leaf is at the same time 
broadest towards the base ; obovate, when it is broadest towards the apex ; siib- 
rotwnd, orbicular, reniform, when it is both broad and somewhat heart-shaped, 
e.g., Ground Ivy (Glechoma) (Fig. 14 EfJ, 

The leaf is also described, according to the form of the apex of the blade, as 
being acvU, when the lateral margins gradually converge at an acute angle, e.g., 
the Rib- wort ; as acumin/ite, when the apex tapers rapidly (Fig. 11 Q), e.g., the 
separate leaflets of the Horse-chestnut ; or as obtuse or as erruirginate (Fig. 11 2>/')> 
when it is more or less indented at the broad obtuse apex, as in some kinds of 
Senna (Cassia obovata); as ohcordate, when this indentation is deeper, as in the 
leaflets of the Woodsorrel (Oxalis); and as mucromiU, when there is a sharp 
projection from the obtuse apex, as in the leaflets of Lucerne (Medicago sativa) 
(Fig. 11 Fp s). 

The margin of the leaf is either emUre (Fig. 13 L), as in the Forget-me- 
not and Tulip ; or it presents slight asperities, when it is said to be derUate 
(as in each segment of the leaf in Fig. 11 (7) ; or it has sharp straight spines, 
as in the Holly (Ilex AquifolivmJ, when it said to be wavy; or it is 
serrate, with teeth directed towards the apex (Fig. 9 u?), as in the Rose ; or 
crenate, with obtuse wavy indentations, as in the Violet (Fig. 14 E f). If 
the margin be more deeply indented, the leaf is said to be incised, and the 
incision may be either palmate or pinnate, according to the mode of venation. 
In order to express the fact that the incision extends less or more nearly to the 
junction of the lamina and petiole in palmate leaves, or to the mid-rib in pinnate 
leaves, different terms are used. Thus the leaf is said to be Idbed and pinna or 
palrruxtifid, when the incision does not extend so far as half way (in a palmate leaf, 
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Fig. 9 Bi ; partax, what it exUads aboat lulf n; (Tig. II ..^ ; diMtdtd, nhai 
it extend* the whole waj (pnnBte, Rg. 11 C). 

Compound leaves ire formed by the dindon of the Utnitw into aerenl anaUer 
Uminae, caimected bf tlieir KcondArj petioles (pdioluJaJ, wliich ire called 
leaJUU (foliola) (Fig. 11 P). The compoand leaf, like the lotnd or putite liinple 
Xad, TOMj be palmate or pinnate. In the former ease it ia called, according to the 
nnmber of the leaflets (three, tour, five, or more) ternaic, quadriuaU, quinate, he. 
(Pig. 11 £ ii temalc), and \ij farther dindon of the leaflet* it maj becmne 




Fia.lL-Iii<iUlDiior]wTM. p petiole :i/pet[o1iile;/' leaflet ; rncbK. ^ Palna^d leaf 
olOemnlum. J Temate leaf of Cto>«r. CHnDstlmctadleaf ofi*Bpaiw.lroimuB«. Compmuid 
leovM: J)Iinpar!p(nn«te,ffipjKwr(7.iJei«Kwn.il«rmlniJlmHBt SPBri-iilnimte,i>iiiii«nl™ii»- 
cmjowlngottbellaohta. f Imparipliinato unljugata loaf of Medlmgo. Tbta dlflow f mm A 
which ifl t4n]&t«, Isumuoh aa the Aecondary leafstalks j/ do not all apriOK from one points 
biit the common leaf-italk p eitonde iMyond Ibe loeertlon of the ilude pair of plnoie. 
<1 I/ml of the Oranfre : the HrticulaUan a between Uie blade and the wlneed petiole shows 

it the blade ie In fact the terminal leaflet of a pinnate leaf, ot which Che lateral [dnnie are 



BuppreiMd. iiTBlplimataleaf of tbeAi 



i' eecondar; raohla ; /" geoondai? pliiiiM. 
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bitenvUe or (rtfenuite, ic (e.g., Clover, Lnpin, Horsa-chaatnut). In the wnnpouTiJ 
pinmUe leaf the aepartite leRflets are called paaux, and are inserted on each side 
of the roidrilj, or radtit (Fig. 11 Bf), which apjieora to be a prolongation of t1i« 
true petiole (Fig. 11 D r). If the rachis terminates in a aingls leaQet, the leaf is 
said to ba impariptnnaie (Fig. 11 D t); but when it has no tenninal leaflet, it is 
paripimuUe (Fig. 11 £). According to the nmnbar of the pairs of leaflets, the 
leaf is said tA be bi- or tri-jugaU, etc (Fig. 11 E). it it inttrrupUdlypinnale when 
large and small pinnee occur alternately or irregularly, aa in Futeniilla anntriTia, 
When the pinnate segmentation ia repeated, the leaf becomes bi-pinnaie or tri- 
pinvale (Fig. 11 ffj. Many leavea, by a combination of palmate and pinnate 
arrangement, acquire a highly complex conformatian, as is seen in many umbel- 
liferons plants. 

Leares or portions of leavea are occasionally transformed into tendrils, Vrhicli 
are organs of attachment (aee g 4S) ; this is the case with the rachis and with all 
or Bome of the pinnfe, in the Vetch, Pea, and other allied planta (Fig. 8 C r* and 
r/J. Less frequenti; the l w "' i "fl is metamorphosed into an aaddium, assumiug 
die form of a pitcher, as in Nepenthes. 

The texture of most leaves may be deacribad as herbiuxous. Leaves of this ■ 
kind last usually for only s single season, and die or bll off it 
Leaves of iirmer texture, which are said to be eori- 
aeerma, survive the winter, and either Jail off when 
the new leaves are developed (the Privet), or continue 
to live for several years, (Holly, Box, and mast 
Conifers ; the acicular leaves of the latter may persist 
for as many as twelve years, (Silver Fir)), Fle^y or 
miceultni leaves occur in Aloe, Sedum, &c. In many 
cases leaves are metamoiphoaed into jyino.- these 
are hard-pointed, woody structures, which, from 
their position, may be recognised as being modlfieil 
leaves ' such ore the leaves on the shoots of Berberis 
(Fig. 12 a b), the stipules of Sobinia Facudacacia, 
the persistent petioles of many species of Csragaua 
and Astragalus. 

' The relative position and the form of leaves in the 
bud present many characteristic peculiarities. 

According to the greater or less breadth of the 
leevea, thoae which are contiguous to each other 
either merely touch at their edges (valvaU ■prefolia- Pio. 12.— Leal-spina of Bn- 
(ion, or ceativatioa in the case of floweis), or their edges ^«^ vaigarit, at the base of » 
overlapi'tmfiricoteyre/oliaiwnjianiiitermediateforai, ''"'°* "* ™* text's growth, 
known as the <»ntor;«i or (iwjfad, is to be found, for « '«f*P*°e '»«' """^ ™rfa« : 
, . , _ , ■ ,. , -A " with a amallBi- Hurface ; k I- 

eiampla, m the arrangement of the petals of the Pen- Biuj^ry huda (nat. dw) 
winkle ; in this case one margin of each leaf is directed 

obliquely inwards, and covers that of the next. As regards the form of tliu 
individual leaves in the bud, called the vtmaHim, it is diatinguishad aaplaJte, when 
the leaf is not folded ; as eonduplicale, when the two halves of the leaf are folded 
inwards from the midrib (e.g., the Bean)> aaplicale, when the leaf is folded 
in numeroua longitudinal or slanting pleate (e.g., the Beech) ; as crumpleii, 
when the foldings and Inequalities are in every direction (e.g., the petals of the 
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Poppy) ; aa invohitt, when the edges are rolled inwaida towaids tha midrib (e.g., 
the Tiolet) ; as rmobOs, when thej are rolled inwards towards the midrib on Oie 
lower rarface (e.g., SomU ; as amvolvU, when the whole leaf is rolled np bom 
one margin eo as to form a single coil (e.g., Canna] ; or aa drdiaale, when the 
leaf is rolled vp from the apex downwaids (e-g.. Ferns). 

In highly oi^anieed and diffeteutisted plants many forms of leaf- 
etntctures (phyllomee) may be distingaished, lor certain regions of the 
stem bear peculiar fonns of leaTsa which though differing in some 
i, agree in their general characteristics. These are : 

1. Foliage leaves, usually 
known simply aa leaves 
(Fig. 13 L). This is the 
most general form. These 
leaves are conspicuous on 
account of their green co- 
lour, and in accordance with 
their function (see § 33), 
they are exposed as much aa 
possible to the aun-Ught. 
If they are small they are 
very numerous (Conifers), 
and the larger they are the 
fewer they are (Sun-flower, 
Faulownia). They always 
possess a veil-developed 
lamina, which presents the 
various peculiarities of form 
previously described. 

2. Sa^ee or catapktfilary 
leaves (Fig. 13 N). These 
are usually of a yellow or 
brown colour, of simple 
structure, without project 
ing veins, and attached to 
the stem by a broad base. 
They may be regarded as 
the sheaths of leaves, the 

, petioles and laminie of 
tn which have not been 
developed j this is true even 
in the case of those plants the foliage-leaves of which usually 




Pto. IS.— The tliree fomu ot leang 
JVolanlAflniim A(/Uium (nat. ■!») : N, 
the fauage leaTss ; H, d, tha hscta ; i 
tbslT uUs ; V, rooti. 
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develop no sheaths. They always occur on subterranean stems 
(ag., the scales of the Onion), and sometimes on aerial stems. 
Many plants which are not green (Orobanohe, Neottia) produce 
only cataphyllary leaves in addition to the floral organs. The most 
common form in which they occur upon aerial stems is that of 
scales investing the buds of trees. In this case they are the lowest 
leaf-structures borne by the annual shoot, and usually fall off as the 
bud develops. 

Some indigenous trees have naked buds without scales, as Vibu/nvum Lamiana 
and Bhamnua Frangula, The following varieties of bud-scales may be distin- 
guished: 

a. No true bud-scales — the investment of the bud is foi-med by the stipules 

of the first foliage-leaf : Alnua incana and Liriodendron. 

b. The stipules possess laminse, and are covered externally by one or more 

simple scales : Poplar, Willow, Elm. 
e. The bud-scales are stipules without laminse : within them are stipules 

with laminse, and there may be simple scales outside of them : Beech, 

Oak (or they may be absent), Birch. 
d. The bud-scales are simple leaf-sheaths without laminse ; the foliage-leaves 

possess neither stipules nor sheaths ; Abietines, Maple, Horse-chestnut. 

In a certain sense the cotyledons of Phanerogams, the leaves first 
developed from the seed, may be regarded as cataphyllary leaves. 
These will be discussed at a later period. 

3. Hypsophyllary leaves or bracts (Fig. 13 ^) belong to that 
region of the stem which bears the flowers. They are smaller 
than the foliage-leaves, and are inserted upon the stem by a narrow 
base (the glumes of Grasses). They may be green or of various 
colours. 

4. The Flower is a shoot, the leaf-structures of which have been 
modified to form calyx, corolla, stamens, and ovary. It is peculiar 
to Phanerogams, and will be discussed when those plants are treated 
of. (Part IV.) 

§ 5. Stem-structures or Axes (Caulomes), with the exception 
of the primary stem of the seedling, which is derived directly from 
the oosphere, tsike origin from stems of older growth; they usually 
spring, as has been shown in § 3, from the axils of the leaves. As a 
rule, one lateral shoot is formed in the axil of each leaf, but sometimes 
more than one is formed ; when this is the case, the shoots are either 
situated one above the other, as in Gleditschia, or side by side, as in 
the bulbs of MuscarL All the shoots that originate as lateral buds 
are not necessarily developed into branches ; thus the buds that are 
formed in the axils of the bud-scales always remain undeveloped, and 
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are only incited to growth when the other buds are destroyed. Buds 
which thus remain undeveloped for a long period, often for years, are 
called dormant f and the shoots which are ultimately produced from 
them are said to be deferred. 

Adventitious shoots occur on old stems, and also on roots ; frequently, 
for instance, on those of the Poplar ; sometimes even on leaves, as in 
Bryophyllum and many Ferns. 

Buds which become separate from the parent plant before their 
elongation has begun, and produce new independent plants, are called 
Bvlhils ; such are the bulbous buds in the axils of the leaves of 
Lilium bulbiferum (the Tiger-lily), and in the inflorescences of species 
of Allium, &c. 

The typical form of the stem is cylindrical or prismatic; in the 
latter case the number of the angles bears a definite relation to the 
arrangement of the leaves ; for instance, when the leaves are opposite 
and decussate, the stem is quadrangular. Irrespective of the thicken- 
ings of the stem at the nodes which separate the intemodes, a 
tumidity, the pulvinus^ usually occurs below the insertion of the leaf, 
which is very conspicuous on the branches of the Fir, Poplar, and 
Ash. 

The different forms of stems are determined by the period and 
direction of their growth, the length of their intemodes, the relation 
of their thickness to their length, the form of the leaves they bear, 
and by other factors. 

The soft herbaceous axis of annual plants is usually known as a stalk (caulis) ; the 
tenns trunkf branch,, and b<mgh are usually applied to stem-structures which persist 
and increase in thickness for several years. The latter are built up of successive 
annual shoots ; for, during the time when growth is inactive, which in our climate 
is in the winter, the apex and the lateral shoots remain quiescent in the condition 
of buds. The lowest intemodes of each annual shoot are short, particularly those 
which lie among the bud-scales, so that the hmit between the shoots of two succes- 
sive years is easily recognised even in old branches by the close arrangement of the 
scars of the fallen bud-scales. The other intemodes of the annual shoot are 
longer nearer the apex, but are sometimes short again close beneath it, as in the 
Oak, so that the leaves and lateral buds are crowded below the terminal bud. 
When most of the intemodes are elongated, as has been described, the struc- 
ture in question is an ordinary shoot : but on many trees there are also 
dwarf-shoots. These are annual shoots the intemodes of which have hardly 
elongated at all, and usually bear no lateral shoots ; such are the shoots 
bearing the fascicled leaves of the Larch, which spring from the axils of the 
leaves of an ordinary shoot of the same year : they usually elongate but slightly 
each year, but shoots of this description may, under certain circumstances, 
develop into ordinary shoots. In the Pine, these dwarf-shoots bear only two 
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green gcicalsr leavea la addition to scales, and ariae in the axila of the scaly 
leaves of an ordinar7 shoot of the some year's growtL Id forest-treea, thew 
diFarf-ahoota occur especially in advanced age, or when their gtoirth is stunted ; 




bhu. a Tubera of BtlioMuu lubnvnu <| oat. Bi£a) ; ( bwnr 
lut jBar'i tuber f : In the aiUi ol Om UKwr I«tos artao Hie 
K of the lower leaves the tiibers t with very nnall icaly leaves ud budii. 
:ii (nduoed) ; ( the dlecold item, : the eoaln, i the Mslk whleh 
subsaquaatl; elongatee and bean the flowen above ground, witii Hie buda b : I foUage- 
lesvea, » roots ; bi an aiiUary bud which becomee next year's bulb. C BUongiitBd rhisome of 
Oartx OrTtnaTia (}) -, scaly leaves n of the Thisome a ; a erect shoot with scaly and follage^leaves 
Ir—D Runner of the Strawberry, Fra^uia (reduced), Bpriugtu^ from the plant a, with Kaly 
leaves it. from the alU of which a now ninuer 6 arisea B Craeplug stem of the Onnind Ivy_ 
OUeluma heitraaa (reduced) ; / / dBCHsaato laivea ; the intemodeB are twisted ; a axUlary 



they are very conspicuous in Apple and Pear, and other similar trees, and are the 
only parts of the tree which produce flowers and frnit. 
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The stfm of herboceoDB plants is usaally tred, but sometdmea it u proatrait, 
as in lliyine ; when, in thia case, roots grow from the nodes, it is called a creep- 
tag dam {sobolu, Fig. 11 EJ, Sloloru are long, slender, lateral shoots which 
grow close upon or under the surface of the soil and take root again at some 
distance from the parent plant (e.g., the Strawberry, Fig, 14 D). Twining or 
dimbivg alemi are 
stems which pro- 
dace leaves and 
floweia, and at the 
same time grow 
upwards round up- 
right supportE( Fig. 
15 S), as the Hop, 
Bean, Conrolru- 
lua, and othere 
(y. g iS). Other 
plants climb by 
means of tmdrilt 
(cirrhi), i.e., slen- 
der, filiform, late- 
ral shoots with 
only minute scale- 
like leaves which 
twist spirally 
round foreign bo- 
dies (Fig. 15 A), 
as in the Vine, 
Virginia creeper, 
Pasdon flower, Jic. 
Many aiial 



Fici. i&—A Ttn at the stem of the Vlns (1 n 
tendrllB rr ; the upper <ax^ bean nuall leaTca h t 
lower one hafl beonne attached to a support a e 
spinUy; MpetioleeiintblacaBetbe tBDdrUgsre] 
peculiar In that they are oppoBlte to the leaveo. 
Ipomffia, I, irlUi l»Tes b and a bud it ; zx Is the su; 




Ihomi, being me- 

T" tamorphosed into 

hard, aharp-point- 

ire ed bodies. Some- 

ol times the apex of 

a shoot is modi&ed 

in this way after it 

has prodoced leaves, e.g., the Sloe (Fig. 61), or certain lateral shoots are dereloped 

as spines from the first, as in Gleditschio, in which plant secondary spines aisp 

are developed from the axils of scaly leaves. 

With regard to those subterranean stems which a 
and bear for the most part cataphyllary leaves, the n 

the rkixonte, which difien but little &om the ordinary typical stem ; it grows 
horijontall; under the earth's surface, and develops new aerial herbaceous 
stalks and sometimes green leaves every year (Fig. 14 C) : the ivier, which grows 
greatly in thickness and bears only minute scaly leaves ; e.g. , the tubers of the 
Potato and of Mtiitm&iu tuberomu (Jerusalem Artichoke] (Fig. 14 .^ £) : the 



I commonly known a; 
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bulb (Fig. 14 B), which consists of a flat discoid axis {k) bearing numerous 
crowded and overlapping leaves (z), e.g., the Onion and Tulip. 

The form of stem which differs most widely 
from the ordinary type is the phyllodef which 
resembles a leaf in its appearance, and bears 
only very small true leaves, e.g., the branches of 
Ruscus and Phyllanthus. In the Cactus family 
there is the greatest diversity in the form of the 
stem ; it may be leaf-like, spherical, cylindrical, 
columnar, &c. — but in all cases the leaves are 
rudimentary. ^o* 16.— Thorn of the Sloe, 

PrwMU tpinota, a braDoh, d 

§ 6. Development of Branch-SyS- leaf-ecar, from the axU of which 

terns. Just as it is possible to ascertain ^,^'^^/Z^[Z 
the laws governing the relative positions of the azU of the upper one is the 
all members growinff in acropetal succession ^'"^^ «» ^ *^* °' *^® ^^^^'^ 

^ the bud k. 

from a study of the leaves (which are always 

developed in that order), so the study of the branching of stems will 
lead to the general laws which regulate branching. By branching is 
meant the production of similar 
members : — thus it is an instance 
of branching when a root produces 
a lateral root. Any member with 
its branches composes a branch- 
^stem, and every branching 
member is, with reference to its 
branches, the axis of a system. 
Theoretically, two principal types 
of branch-systems may be dis- 
tinguished, according to the ar- 
rangement of the members : 

1. The branching is termed a 
Dichotomy when the direct apical 
groMTth of a member ceases, two 
growing-points which are equally 
vigorous, at any rate at their first 
development, being formed at the ^ ^?- ^'^-^^TVi f ' ^T^^f °' 

^ ' o development of a Dichotomy. A One deve- 

apex. The two new branches are loped by bifurcation. B HeUcoid dichotomy : 

called 6iyttr(^2V?W^, and the member ^®" *^® left-hand branch is always more 

I.* "L v v • vigorous than the right (r). (7 Scorpioid dicho- 

Which bears them is called the tomy ; the right and left branches are alter- 

base or podium ; each of these ^^^^ ^^^ vigorous in their growth, 
bifurcations may become the base of a new dichotomy. They may 
either (a) continue to grow with equal vigour, in which case the 
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dichotomy remains distinctly bifurcate (Fig. 17-4), or (6) the system 
may become sympodial, if at each bifurcation one branch becomes 
more strongly developed than the other : in such a case the bases of 
the successive bifurcations appear to constitute an axis, which is called 
the pseud-axis or sympodium, on which the weaker bifurcations 
appear as lateral branches (Fig. 17 B, C). The sympodium may consist 
of bifurcations belonging to the same side of the successive dichoto- 
mies, either to the left or to the right (Fig. 17 B), This constitutes 
helicoid (hostryehoid) dichotomy, ag., the leaf of Adiantum pedatum^ 
or it may consist alternately of the right and left bifurcations of suc- 
cessive dichotomies (Fig. 17 C), when it is said to be a scorpioid 
(cicinal) dichotomy, 

Dichotomous branching is rather uncommon, and scarcely ever occurs 
in leafy shoots. 

2. The m^onopodial branch-system arises in this way, that the 
member continues to grow in its original direction, and produces 
lateral branches in acropetalous succession behind its apex; it is 
therefore the common base of all the lateral shoots and hence the system 
is termed monopodial. It is evident that this mode of branching 
must occur in all stems the lateral branches of which are dependent, 
as to their position, upon the arrangement of the leaves, and are 
therefore developed in acropetal succession. Each branch may subse- 
quently branch again in the same manner. The monopodium may 

be either (a) 
racem^ose, when 
the primary 
axis continues 
to grow more 
vigorously than 
the lateral axes, 
and when each 
lateral axis 
stands in the 
same relation to 
its lateral axes ; 
(h) or cyw^se, 
when at an early 

Pio. la— Diagram of a False Dichotomy ; the Roman numerals . , ., 

indicate the order of development of the shoots of the system. Those Stage tne grOWtn 

numbered II' and II" are equally vigorous, but much more so than the of each lateral 

pnmary axis I (f«,m Sachs> axisbegius tO be 

more vigorous than that of the primary axis above the point of origin 
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of the lateral axis, and wlien the lateral axis becomes mote copiouBly 
branched than the primaty axis. Hence two forms may arise : 

(a) there may he no peeud-axin ; this is the case vhen two or moie 
lateral axes aie developed in different directions and grov with nearly 
equal vigour (Fig. 18) and more vigorously than the primary axis which 
soon ceases to grow; auch a system has a certain resemblance to a dicho- 
tomy, and is called a false dichotomy (Dichaaium, or Polyotomy, Poly- 
chasium): or{p) o^ead-axtSM/orjned; this takes place when only one 
lateral axis develops vigorously in each case, as in Fig. 19 ^4, where the 
lateral axis 2 has grown more vigorously than the mother-axis 1, and 




so on. (In the diagram the dark lines indicate the more vigorous 
growth.) The pseud-axis which is thus formed is at first crooked, but 
in most cases subsequently it becomes straight (Fig. 19 A becomes B). 
If the stronger growth always occurs in the lateral shoots of the same 
side, the system is called a hdicoid cyme (Fig. 19 D) ; if alternately 
in those of both sides, it is called a seorpioid cyme (Fig. 19 A B). 

As ezamplea of monopodia! brancliiiig, the inflorescences, which will be treated 
of aabaequently (Part IV.), ma; be especially mentioned; the following are 
selected Trom the vegetative organs : 

Saeenum braucbisg is very evident in Conifera : the tnink is always more 
strongly developed than its lateral branches, and these than their lateral branches. ■ 

False Didwtoniy ia exhibited in the stem of Viscum, the apex of vhich either 
tormiuatea in a flower or else dies ; only the axillary bads of the two ieaies 
develop into new annual shoots. As regards the arrangement of the annual shoots. 
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the same occnre in Syrin^ in whioh the uillar; buds of ths npp«raioBt pair of 
leaves form the contiDnationG of the stem, nhilst the termina] bnd dies ; also in 
Mamima eathaTHau, m vbick the main axis U metamorphosed into a thom. 
la this case the branching of each anaaal shoot is racemose, bat the snccessive 
annoal shoots form a cyme. 

The Deadly Nightshade, which will be described in Part IV. , affords an siamplo of 
a m(MO]Kdial sympodiam, as also the sacceason of the annnal shoots of many trees, 
as the Birch, Elm, Beech, and Hazel ; in these, each annual shoot either termi- 
nates in a flower, or it dies, and Uie uppermost lateral bnd forms iti 
Here also the btSDchiog of each ajDunBl shoot, apart from its apex, is 

§ 7. The term Root in its bota- 
nical sense is not applicable, as in 
ordinary parlance, to any subterranean 
part of a plant, but only to tbose mem ■ 
bers of the plant which are developed 
endogenously, which pFodace do leaves, 
and which have their growing-point 
protected by a peculiar structure, the 
root-cap (Fig. 20 h). The outermost 
cells of the root-cap are thrown off 
while new ones are continually being 
formed at the growing-point 
Fio. so.- The sida «Bt« =. thrown E«ot8 only occuT in such plants aa 
out ironi uiB pericambium of uie tiflp possess fibro-vascular bundles, and they 
r'i,.''fL^/'SIS; «.e™l™ mTambly cootoin .uch 
btindJea. r c*ri«i of Xbe nmiii not bundles ; only a few vaBcular plants aiie 
*R«t^po(theiat«airoot.. ^^^^ destitute of roots (Salvinia, 

Lemna arrhvia. Sec). The term primary root (tap-root) is applied to 
the root of a young plant which lies in the aame straight line as its 
primary stem ; in the Vascular Cryptogams and in the Monocotyledon* 
it remains small, and it is only in the Dicotyledons (to which group 
the Bean, the Tobacco, the Hemp, and the Oak belong) and in the 
Gymnospetms, that it attains a consideraUe size in proportion to the 
rest of the plant. All the other roots— the secondary and the adven- 
titioug — originate laterally upon the primary root, or from the stem, 
or even from leaves. They invariably originate from an internal layer 
of tissue, and then break through the external tissues. On anatomical 
grounds (§ 25), the lateral roots are arrai^ed in longitudinal rows on 
the main-rootj at a later period, however, numerous adventitious 
roots are successively developed here and there between the original 
lateral roots. 
The priniiliTe ferm of loott is that of an elongated cylinder, only those roots 
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which undergo a gradual growth in thickness and at the same time become 
succulent acquire a spindle shape, e.g., Beetroot, or exhibit tuberous swellings, 
e.g., the Dahlia. The aerial roots of many tropical plants, such as Tree-Fems, 
Orchids, and Aroids, which serve to attach them to tall trees and other supports, 
are physiologically diffei'ent from true roots. So, too, are the elimbing-roota of 
the Ivy, which grow close together from certain parts of the stem and remain 
quite short, serving as a means of secure attachment to walls and tree-trunks ; 
also the sucker-roots of many parasitic plants, e.g., Dodder (Cuscuta), which 
penetrate the tissues of the plant which nourishes them. 

§ 8. Hairs or Trichomes are organs which are developed from 
the epidermis of a member. This category includes not only hairs in 
the strict sense of the word, such as will be described hereafter in § 29, 
but also many reproductive organs such, for instance, as the sporangia 
of Ferns. 

PriekleSy such as those of the Bramble or of the Rose, 
are usually included among trichomes (Fig. 21). They 
differ from true hairs in that they are formed not from 
the epidermis only, but from the subjacent tissue also, but 
they agree with them in that they are not arranged in any 
regular order, and are not the result of the modification 
of certain members (caulomes or phyllomes), as is the case 
with thorns. Like the hairs they are merely appendages, 
the occurrence and arrangement of which does not materi- 
ally affect the general structure of the plant In order to 
indicate the fact that they are not developed in the same 
way as true trichomes, prickles and aUied structures (warts, ^^ ^^_^^^^ ^^ 
tubercles, kc ) may be designated as Emergences. ^^ ^^^ ^ ^^ Bramble. 

The ordinary hairs may be simple, or compound, they Rubm frutieona (nat. 
may be stellate, they may be hardened and elongated >is»> 
(setffi), or they may be glandular. According to the 
nature and number of the hairs upon it, a surface is said to be pubescent (the 
fiower-stalks of the Primrose), pilose (leaves of the Sunflower), hirsute (Myosotis 
aylvatiea), setose (Borrage, Echium), villous (ATiemoTie Pulsatilla), tomentoee (leaves 
of Petasites m*>eus and spurius), silky (leaves of SaZixaZhaX woolly (Stachys ger- 
mamca). If there are no hairs upon it, it is said to be glabrous. 

§ 9. The body of the lower plants (Algae, Fungi, and many 
Liverworts) exhibits no differentiation of stem, leaf, and root It 
possesses organs which serve, like the roots of the higher plants, tc 
fix the plant to the soil and to absorb nutriment, and frequently it 
exhibits branchings which resemble leaves; but these structures do 
not properly belong to the two categories as defined in § 1. Such a 
body is termed a Thallm. A thallus may, and very frequently does, 
bear true trichomes. 
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THE ANATOMY OF PLANTS. 



§ 10. The members of the plant which have been described in 
Part I. agree, as to their external structure, in this, that they all 
consist of cells or of structures formed by the modification of cells. 
The cellular structure of the parts of plants may be easily observed : 
a section seen with even a low magnifying power shows cavities 
separated by walls. Sometimes it is possible by mere pressure to 
separate the cells forming a tissue, as in the case of the ripe Snow- 
berry (fruit of Symphorieairpua rcxemosa), when they appear as closed 
vesicles filled with fluid. Certain cells always occur isolated; thus 
the pollen consists of isolated cells. The form and development of 
«ells, the mode of their combination to form tissues, and the resulting 
texture of the tissue, may vary greatly. Mere rupture of any part of 
a plant shows that it consists of fibrous tissues surrounded by more 
yielding substance. Since the variety of the tissues depends upon 
the development of the cells composing them, it will be advantageous 
to study cells, as such, first, and then the tissues. 



CHAPTER I. 
THE CELL. 

§ II. The Structure and Form of the Cell. In a well- 
developed living cell the following three principal constituents may 
be distinguished : 

(1.) A firm elastic membrane, closed on all sides, the cell-ivall 
(Fig. 22 C h), which consists of a substance peculiar to itself called 
cellulose, 

(2.) A layer of soft substance, the protoplasm, lying in contact with 
the inner surface of the membrane, and, like it, closed on all sides ; 
this always consists of albuminous substances (Fig. 22 Cp), In all 
the higher plants the nucleus (Pig. 22 CJc) occurs imbedded in it. 
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(3.) A watery fluid, Ihe eeU-aap, which fills the whole space bd- 
. closed by the protoplasm {Fig, 22 C. »). 

The same cells in which these three parts may he distinguished, 
present, in their 
yonng state, when 
they are very much 
smaller (Fig. 22 
A), quite a dif- 
ferent appearance. 
At this period the 
protoplasm fills the 
whole cell ; the cell- 
sap makes its ap- 
pearance in the 
coutse of develop- 
mBnt,atfirst(rig.22 
B) in the form of 
small drops, which 
are termed vacuoles. 
These, while the 
whole cell increases 
in size, gradually 
increase also and 
coalesce, while at 
the same time the 
hands of protoplasm 
which separate them 



are absorbed into 
the peripheral layer. 




il layer of the toot 

; loDgitudlDta Kctlons {x G60). A Very 

T tV»" til 7i>uiig DBua lymg cioM to tha Apex of the root, atlU witliDut 

in ttllS way tHese oeU-«p. a Cellaoi Uio mum description Bbout a mm. nbova On 

cells attain the con- ■P'* "' "" i™* ■ •*■* cell-aap i fonDs eepuste drops In Uu 

1-,- - 1.1,, protopUmi p. C CoU« of tha Aune duciiptloii about T-S mm. 

dilioninwliidithey .^„ „ ,^ ^ ii. ™i; «., t-. «ii. t. a. atfi 

remain until the below an uen in a froot view ; tha large cell to the left below 
j„ iv .* ii i" 'o lactlon; the coU to the rlrfit aboTa la opened by the 

death of the o.g.n „„„, ,i,„.d.„ .».„ ^j.,^ ,.,.„„ ^"a, ^„t 

of which they form ^S water, ■ pecullu appesnuce of ■wBlUns (z y'y (Copied fiom 

part. They may be ^"^^ 

taken as examples of the cells which compose the succulent parts of 
plants such as the cort«x of stems and of roots, and fraita. Other 
cells, as for instance those of wood and cork, pass beyond this stage 
and become still further modified j the cell-sap and protoplasm dis- 
appear BO that at last only air oi water is contained within their walla. 
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But vhilst c«11b of the former class, furnished with protoplasm, are 
capable of cacrying on osmotic and chemical processes, and, under 
certain conditions, of giving rise to new cells, that is to say in short, 
of Hving, mature wood-cells, devoid of protoplaam, are no longer 
capable of performing these fimctions; they are of use only in virtue 
of the firmness and other physical properties of their walls. Hence 
the protoplasm is to 
he r^arded as the 
5 living body of the 
cbIL Indeed, there 
are cells which, when 
first formed, consist 
only of naked pro- 
C toplasm, and they 
occur precisely in 
connexion 'with the 
most important vital 
function of the or- 
; ganism — that of re- 
production. Such 
cells are termed pri- 
mordial cdls (Fig. 
37 B). They sub- 
sequently become 
surrounded by a 
membrane which is 
secreted by the pro- 
toplasm. From this 
it appears that tbe 
cell-wall, as well as 
i».t.flb«. the cell-sap, is a pro- 

withstrongljthiokemd pitted wBUiClongitudlnslKctloiixaM), duct of thc vital 

B Wood«ilIs (rom Uie root of tha Cucumber ( x aoO), ■urfaco- ^ ., , ,, 

ilew and BBOtioQ. C Part of tombI Willi bnrdered pit* from Ihs 8°'^"''J' « ™^ P'^'^ 

■tamof /fiHuM*iu(uiw™M(x3i»)cut qpenst thoiop. At a toplasm. Itbasbeen 

and 6 Uio renmlug of tlw absorbed septa a» Tlilble. „ . i. 

"^ attempted to express 

the essential characters of the cell by describing it as a limng most of 
protoplasm, which usually mirrounds itself mtk a firm membrane, 
and takes up fluid into itself. 

Various as the internal arrangements of the cell may be, its size and 
form may vary quite as widely. While some cells are so small that little 
more than theii outline can be discerned with the help of the strongest 
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magnifying powfer (About O'OOl of a millitoetre In diamfeter), others 
Attain a considerable size (from 0*1 to 0*5 millimetre), so as to be dis- 
tinguishable even by the naked eye (for example, in the pith of the 
Dahlia, Impatiens, and Elder (Sambucus)). Many grow to a length 
of several centimetres, as the hairs upon the seed of Gossypuim 
(cotton) ; others finally, as in some AlgSB, where the whole individual 
consists of a single cell, attain still larger dimensions. 

The Form of such cells as constitute an entire individual is often 
nearly spherical, or ovoid, or tubular; but they may also exhibit a 
highly complex conformation, in consequence of the assumption of 
quite different forms by the various outgrowths of one and the same 
celL The various organs of highly organised plants consist of very 
different cells, and even in the same organ cells lie side by side which 
are of very different form, and which are filled with different 
contents, for diverse functions have to be performed by a single organ. 
The cells in such a case are sometimes spherical or polyhedral, with 
nearly equal or slightly differing diameters (Fig. 22 C, as in pith, in 
juicy fruits, and in fleshy tubers, as the potato) ; sometimes greatly 
elongated and at the same time excessively narrow (Fig. 23 A and J5), 
as in wood, in bast-fibres (Flax), in many hairs (Cotton). Longitu- 
dinal rows of ceDs frequently combine to form a special organ by the 
absorption of the transverse septa which separate their cavities (Fig. 
23 C), It is thus that Vessels, as they are called, are formed. See § 22. 

§ 12. The Cell-wall consists of cellulose, water, and inorganic 
constituents. It originates and grows in consequence of the secretion 
of these substances by the protoplasm. The growth of the cell-wall 
takes place both in extent and in thickness; it is effected by the 
intercalation of additional particles of solid matter between those 
already existing in the membrane.* 

By its superficial growth the surface of the membrane, and conse- 
quently the whole volume of the cell, is increased ; so much so that 
the volume of the cell not unfrequently becomes a hundred-fold 
greater. Thus, for instance, in a leaf enclosed in a leaf-bud, the cells, 
of which it will consist when mature, all exist already, and it is by their 
simultaneous increase in volume that the leaf attains its ultimate size. 

* This mode of growth by intercalation of solid substance between the existing 
particles is known as intussusceptionf and is essentially different from apposition, 
that is to say, the deposition of new particles upon the surface of the growing 
body, as in crystals. This phenomenon is closely connected with the idea that 
in the cell- wall, as in starch granules and other organised bodies, the solid par- 
tides must be eonceiyed of as being surrounded on all sides by water. 
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In the rare cases, in wliich the superficial growth is equally great at 
all points, the cell pieserres ite original form, but usually the cell-wall 
grows more vigorously in certain parte than in others j thus, for 
instance, a primarily spherical cell may become 
cubical, tabular, cylindrical, tubular, fusiform, 
and so forth. 

The growth in thickness of the ceU-wall b 
also rarely uniform; the cell-waU commonly, 
becomes more thickened at some points than 
at others, and thus acquires inequalities of 
of aoioHum hayiMt; the ml- BUiface. In tiie case of isolated cells or of 
mnt spherical surfscs of the free cell-walls, the prominences existing in this 
ridgB-iiiM.p«i«ti™.proioiw- ■^ay o» tlie external surface appear as warts, 
ed Into ipinea, and (onuiiiB a tuhercles, knots, &C. (Fig 24). Cclls that ate 
iiatwork( ter ). united to form tissues have their inequalities 

on the internal surface of the cell-wall ; the prominences sometimes 
have a definite form and project into the interior of the cell ; such are 
the annular (Fig. 25 r) and gpiral thickenings (Fig. 25 s) of the walls 





Pio. 2ft,— A cell wlcb 
pltlsd wiillB from Uis 
nuud of the Elder (Sam- 
bucua). A loDgthidinal 
Bectlou ebcming the pits 
In the UtflAl wallfl as 
cbanaela. a; and Id the 
farther wall aa roundlah 



of a baat-cell from the root of 
DaMia variabilii (x 800); 1 
tile oeU-csvlif : K plt-chan- 
uela which penatrate the 
straUficsUon : ip a cnck b; 



(Copied fiom SMha,) 



of certain vesBela ; in the so-called rdictdated cell-walla, the thicken- 
ing ia in bands, which are united into a network, so that circular or 
oval thin spaces are left In other cases, solitary and relatively small 
thin spaces are left in the wall in the course of the growth in thickness. 
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which appear, when seen on the external surface, as bright spots, 
commonly called 2>iis, and are seen in section to be canals of greater 
or less length, according to the relative thickness of the walls (Figs. 26 
and 27). Very frequently the pit, when seen from the surface, pre- 
sents the appearance of two concentric circles (Fig. 23 C) ; for this 
reason, that the opening of the canal into the interior of the cell is 
narrow, whereas the external opening is broad. Such bordered pits 
occur in the wood-cells of Conifers (Fig. 42) ; in the walls of many 
vessels (Fig. 23 C)', and elsewhere (Fig. 41). The acalarifonn 
thickening of the walls of many vessels arises from the regular and close 
arrangement of bordered pits which are much elongated transversely. 

The cell-wall shows indications, in many cases very plainly, of an 
intimate structure which depends upon the regular alternation of more 
and less watery layers ; this displays itself in transverse and in longi- 
tudinal section as concentric stratification (Fig. 27), and on the surface 
as striation. 

Thin cell-walls generally consist, as regards organic substance, en- 
tirely of cellulose, which assumes a blue tint on the addition of iodine 
and sulphuric acid. In thickened walls it frequently happens that 
certain parts, composed of successive layers, consist of modified cellu- 
lose. The principal modifications are the following : 

(1.) The cellulose may be converted into cork (cuticularised). The 
cuticularised cell -wall is extensible, highly elastic, almost impermeable 
to water ; it turns yellow when treated with iodine and sulphuric acid 
(examples, the cells of the epidermis and of cork, poUen-grains, spores). 

(2.) The cellulose may be converted into lignin. The ligneous cell- 
wall is hard, inelastic, it is easily penetrated by water, but it does not 
absorb much ; it turns yellow when treated with iodine and sulphuric 
acid (examples, wood-cells). 

(3.) The cellulose may be converted into mucilage. The mucilagi- 
nous cell-wall is, in its dry state, hard or homy ; it can absorb a great 
quantity of water, and at the same time it increases greatly in volume, 
becoming gelatinous ; it usually turns blue with iodine and sulphuric 
acid (examples, linseed and quince mucilage). 

These modifications may occur either singly or together in the 
different layers of one cell-walL 

Mineral matters are also frequently deposited during growth in 
considerable quantity in the cell-wall, particularly salts of lime and 
silica ; they are usually intercalated between the solid organic particles 
of the cell-wall so that they cannot be directly detected, but remain 
after burning as a skeleton which retains the form of the cell (ex- 
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ampleSy Silica in the steins of Grasses and of Equisetaceae). Calcium 
carbonate sometiqies occurs in a crystallised form (as in the epidermis 
of the UrticeaB), and calcium oxalate also in well-defined crystals 
(§ 18, Fig. 34). 

§ 13. The Protoplasm consists principally of albuminous 
substances (proteids), water, and a small proportion of ash constitu- 
euts. As it is the seat of all the vital phenomena and nutritive processes 
of the cell, it must obviously contain withiii itself at different times 
all the other chemical constituents of the organism. Sometimes it 
appears homogeneous and transparent, but it is generally more or less 
granular in consequence of the presence of drops of oil, of starch 
grains, &c. It is of a tenacious consistence, sometimes firm, some- 
times almost fluid, but it is never a true fluid. When the protoplasm 
encloses granules, an outer layer free from granules can be detected, 
which is frequently very thin ; this is called the ectoplasm. Frequently 
a part of the water which saturates it collects to form vacuoles ; when 
these coalesce and the cell-sap fills the greater part of the cavity of 
the cells (Fig. 22 Cs), the protoplasm forms merely a layer within the 
cell- wall, which has been termed the primordial utride. Living pro- 
toplasm will neither absorb colouring matter dissolved in water, nor 
allow its passage, but dead protoplasm has no power to hinder its 
diffusion, and even takes it up in considerable quantity. 

The nucleus f on account of its constitution and position, is essentially 
a part of the protoplasm; it is wanting only in <^ertain groups of 
lower plants (often in Fuugi and in some Algae). It contains one 
or more much smaller bodies caUed nucleoli (Fig. 22 Ah k). 

The movements of the protoplasm are among the most remarkable 
of phenomena. In many cells currents may be perceived which flow 
from the nucleus outwards, towards the peripheral protoplasmic layer 
(Circulation); or the whole peripheral layer of protoplasm is in rapid 
moveme?it along the walls of the cell (Rotation). Naked primordial 
cells, as for instance swarm-spores and antherozoids, swim about in 
the water in which they live, rotating at the same time on their own 
axes. The so-caUed plasmodia of Myxomycetes exhibit an amoeboid 
movement ; that is, the naked mass of protoplasm continually changes 
its outline, new protrusions are thrown out from the central mass 
whilst others are withdrawn, and it thus moves slowly from place to 
place ; at the same time a rapid motion of the granules within the 
mass is going on. 

§ 14. Crystalloids. Sometimes a part of the protoplasmic 
substance assumes a crystalline form: bodies are formed which are 
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boimded by plane sarf ocea and whioh have an angular outline, bearing 
a very cloae resemblance to certain crfstols, for the moat part cubical. 
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add,llie»lbumliioldrBmftInliigbeUnda« ffl are nUireb-giilna (out throu^) ; lie anuiU gl»- 

H net-wort In Uia aleurone-)n»in« the nuloa n ue aleurone, ooneiiUng pilncipaBy ot 

globoid Doiiy be reoognlied, and in Cfl CJ ijgumine with a lltUe oUy mtttet ; i the Inter, 

the dyBtoUDld. oellular ipaua. 

Dctabedral, tetrabedral, or rhomboidal (Fig. 28) ; but they are 
essentially different from true crystals, inaBmiich aa they are 
capable of swelling-up ; that is to say, of increasing considerably in 
rolume when treated with various reagente. Such crystalloida 
occur, for instance, in the tuber of the Potato, in oily seeds, in red 
marine Algie, &c. 

§ 15. Aleu rone-grains. In oily eeeds, the protoplasm is 
aggregated into spherical granules of varioua sizes, which lie in a 
matrix of albuminous and fatty matter. These are the Froteid- or 
Aleurone-grains. These granules consist of albuminous substances, 
and almost always enclose other bodies (Fig. 28 C) ; these are the 
aboTe-mentiosed crystalloids, and peculiar small round bodies, the 
globoids, which consist of double phosphate of lime and magnesia. 
These bodies may occur separately or together, according to the kind 
of plant In seeds which are rich in starch, the spaces between 
the large starch-grains are filled with similar but much smaller 
granules (Fig. 29). 

§ 16. Chlorophyll-corpuscles. The green colour of most 
parts of plants is produced by the presence of green granules, called 
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CJdorophyll-corpuscles, in certain cells (Fig. 30). These are composed 
of a colourless ground-substance, throughout which a small quantity 
of a green colouring matter called CHLorophyll is distributed. If this 
colouring-matter be extracted by a solvent, such as alcohol, the 

colourless corpuscle re- 
mains unaltered in size 
and form. The corpuscles 
are always imbedded in 
protoplasm, and their 
ground-substance is only 
a speciali^d portion of the 
protoplasm. The corpus- 
cles do not always occur 
in the form of granules; 
in some of the lower Algae 
the whole of the proto- 
plasm, with the exception 
of the ectoplasm, is co- 
loured green; in others 
the coloured part of the 
protoplasm assumes a 
stellate form (Fig. 76 A), 
or it exists in plates (Fig. 

Pio. 30. — Chlorophyll-corpuscles in the protoplasm ^ net j) ri\ 'IV^ A 

ihecellsoftheprothaUiumolaFem. ^ Optical section '" ^ W ^^ Spiral banOS 

of the cells. B ixirt of a cell seen from the surface. (Fig. 40 ct), TheSC green- 

Some of the grains have begun to divide. coloured portions of the 

protoplasm are all included under the general term, chlorophyll-cor- 
puscles. Under the influence of sun light starch-grains are formed 
in the interior of these chlorophyll-corpuscles, which often grow so 
large that the substance of the chlorophyll corpuscle is only discernible 
as an extremely delicate layer covering the contents (Fig. 31). The 
ultimate fate of the chlorophyll-corpuscles is to be absorbed, as 
happens, for instance, in the cells of leaves before they fall, and 
nothing then remains but small yellow granules. 

The green colouring-matter, the chlorophyll, is mixed, in many 
families of Algae, with other colouring-matters, and the coloured 
protoplasm appears bluish-green, olive-green, dull yellow, or red. 
Occasionally the chlorophyll itself undergoes modification and becomes 
red or yellow, and the form of the corpuscle changes at the same 
time, as in the ripening of many fruits, which are at first green and 
then become yellow or red; e.g., the Tomato (Lycopersicum esculentum). 
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Closely related to the chlorophyll-corpuscles are those protoplasmic 
bodies which are tinged with a yellow colouring-matter, and cause the 
yellow colour of many flowers, e.g., 
the Dandelion Taraxacum officinalia. 

In many cases the green colour of 
different parts of plants is disguised 
by the presence of other colouring- 
matters which are in solution in the 
cell-sap, as in the leaves of Amaran- 
thus and of the Virginian Creeper at 
the end of the summer. 

§ 17. Starch-grains are small 

tL j 1 Pia. 81. —Separate Chlorophyll-corpuscles 

hard granules, usually round, oval, or ^th starchy contents from the leaf o^ 

lenticular, consisting of starch, water, P^'^aria hygrometnca (550> a A young 
J ,, . - , , corpuscle, &an older one, V and h'' have 

and a smaU proportion of incombus- ^^^ ^ divide, c d e old corpuscles in 

tible ash, which occur in certain cells which the starchy contents fill almost 
• 1 i. 11 1 J. m-L J. i_ £ the whole space, /and after maceration 

of almost aU planta. The tubers of ^ ^^^^ ^^^^^ ^^ ,„i„t^^ ^ u., 

the Potato, the seeds of cereal and corpuscle has been destroyed and only 
£ 1 • 1 . .11 the starchy contents remain (after Sachs ) 

of leguminous plants are especially ^ ^ 

rich in them. They can be extracted by maceration from the organs 
in which they occur, and then appear to the naked eye as a white 
powder, which is known as Starch. Starch belongs, like Cellulose, to 
the carbo-hydrates. It may be easily shown that each grain consists 
of two substances, of which the one, Granidose, can be extracted by 
saliva or by dilute acids, while the other. Starch-cellulose, remains as 
the skeleton of the grain. The former turns blue with iodine alone, the 
latter only after treatment with strong sulphuric acid. When boiled 
with water or when treated with potash, the grains swell enormously 
and form a paste. The substance of the starch grains is always 
disposed in layers round a centre, the hilum, and this disposition 
in layers, as in the case of cell-walls, is the result of the regular 
alternation of dense layers with more watery layers. The hilum is 
the most watery portion of the whole grain. From their first appear- 
ance the starch grains are firm, solid bodies. So long as they continue 
to grow, they are always imbedded in the protoplasm of the cell ; it 
is only at a later stage that they lie free in the cavity of the cell. 
Their growth does not proceed by the deposition of new layers upon 
the exterior, but by the intercalation of new particles of solid matter 
between those which already exist. Besides the simple grains (Fig. 
32 A), compound grains occur, which are formed by the development 
of new hila in an ordinary grain, each with its own system of layers 

3 
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(Fifj. 32 D). If, in such a case, the external layers which enclose 
the whole mass are of considerable thickness, the grain ia said to be 
ae mi-compound (Fig. 32 B). By pressure the compound grains may 
be split up into their component 
grauules. The soKialled spu- 
riously-compound grains are 
very similar to these; they 
consist of several grains which 
have become adherent in cous&- 
quence of mutual pressure ; 
they occur frequently in chlo- 
rophyll-corpuscles (Fig. 31). 
Starch-gcains are formed in 
plants to be subsequently con- 
sumed in the pioceases of growth 
and of nutrition ; they ace fre- 
quently stored for a long time 
in certain organs, as in seeds, 
roots, and tubers, and vhen 
they are required for consump- 
tion on germination or on a 
renewal of the growth of the 
plant, they are redissolved. 
B tjibm oi a ihe forms of the etacch-grains 

PutAto ( X SQOX Jt An older dimplfi jn&ln :fia , ■'.. . i-ip .. 

psrusur «™i«u.,d Brain; era perfectly com- «« characteristic m different 
r gnia, Uia hiimn of kiiids of plants ; thu3 those of 
-y jom« g«in. fr^ ^^^ p^i^j^ ^pjg_ 32) are eccen- 
trically o»al, thoeeof leguminous 
plants (Fig. 29) concentrically oval, those of Rye, Wheat, and Barley 
lenticular. 

§ 18. Crystals are frequently found in the cells of plants; they 
sometimes consist of calcium carbonate, for example, the crystals in 
the protoplasm of Myxomycetes and the crystalline deposit in the 
cell-walls of certain Urticse. In these plants there is generally a 
peculiar club-shaped ii^owth of the cell-wall of certain cells which 
projects into the interior of the cell, in which the calcium carbonate 
is deposited: these are called Cystolitks. All the other crystals 
hitherto recognised consist of calcium oxalate, which crystallises in 
two systems according to the proportion of water which it contains ; 
to the one system, the quadratic, belong the octahedra (Fig. 33 k), to 
the other, the clinorhombic, belong the acicular crystals, which are 
called Ra^hidee, and which occur, united into large bundles^ 




ch baa dlTldsd : i 

It gnln. e a still older grain wltii divided ' 

m (copied from Buha). 
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particularly in Monocotyledons. Besides well-formed solitary crystals, 
aggregations of them also frequently occur. These crystals are found 
in the protoplasm, from which they subsequently find their way into 
the cell-sap (Fig. 33), as well as in the cell-wall, particularly in the 





Fio. 34. —Crystals of cal- 
cium oxalate in the wall of 
the bast-cells of CephcUo- 
taxua Fortunei (x 600, after 
Solms). 



Fio. S3.— Crystals of calcium oxalate in the cells of the petiole of a Begonia ( x 200). k Solitary 

crystals ; dr cluster. 

wood of Conifers (Fig. 34) ; and also, in Lichens, on the free outer 
surface of the cell-wall. 

§ 19. The eel I -sap saturates the cell-wall, the protoplasm, and 
the whole organic structure of the cell ; it usually also collects in the 
interior of the protoplasm so as to form vacuoles or a single large 
sap-cavity. It is a watery solution of various substances: salts are 
never absent from it ; in certain cells of many plants (as the Sugar- 
cane, the Maple, and the Beet-root) it contains large quantities of 
cane-sugar, which can be extracted from it by a refining process ; in 
the cells of many kinds of fruits, as the grape and others, it contains 
grape-sugar. Besides these substances, tannin and inulin occur, as 
well as acids, such as malic acid in the apple and other fruits, citric 
acid, in lemons, &c. It also contains the colouring-matters of most red 
and blue flowers (Erythrophyll and Anthocyanin), and of many fruits, 
as the cherry and elder berry, with many other matters. 

§ 20. The Development of Cells always takes place in such 
wise that the whole or part of the protoplasm of a cell already exist- 
ing, the mother-cell f undergoes re-arrangement. There are two principal 
modes of cell-formation : 

I. In growing vegetative organs, a division of the cell takes place, such 
that the whole of its protoplasm, without any rounding-off or contract 
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a divided Into two parte, two dosely-appoeed nuclei make 
their appearance in place of the one 
which previoiuly existed, and a new 
membrane is formed between the two 
masses of protoplasm oidy along the 
plane of division (Fig. 35). This mem- 
brane is usually formed simnltaneoosly 
at all points of the plane of division ; 
it b only in certain low-forms of Algte, 
e.g., Spirogyra, that it grows in as a 
ring from without inwards. 

IL The formation of the cells which 
snbserve reproduction (see § 55) is 
always accompanied by a lounding-off, 
which takes place either before or during 
the formation of the new wall. This 
wall is always formed orer the whole 
surface of the young cells, though this 
. often occurs somewhat lat«. 

(1.) The whole mass of the proto- 
plasm contained in the mother-cell may 
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of the Bwonn-apores of many Algte and Fungi (Fig. 38) ; in thb case 
the primordial cells escape from the mothei-cell, and it is some time 
before fhey are clothed with a membrane. 




BBoaped ^ b thfl abandoned membnmea 

of the KHgoaidla vhlch bvie alrsady X UD). 

■wamwd i e ■warming xoogonidla (copied 

fmmBuha), 

(2.) The whole protoplasmic contents of the mother-cell may become 
aggregated around four newly-formed nDcIei ; this process occnrs prin- 
cipally in the formation of the pollen of phanen^mous plants 
(Fig. 36), and in the formation of the spores of Mosses and Vascular 
Cryptt^ms. 

(3.) The whole protoplasm of the mother-cell may undergo reju- 
venescence, when it contracts and reconstitutes itself as the new 
protoplasmic body of a daughteroell, which subsequently surrounds 



38 



PART II. — THE ANATOHT OP PLANTS. 



[§§ 20-21. 



itself with a new membrane. It is in this manner that the single 
swarm-spores of many AlgsB are formed, as in Vaucheria, Stigeoclo- 
nium, (Edogonium (Fig. 37), as well as the oospheres of Cryptogams. 

(4.) In free cell-formation certain portions of the protoplasm of the 
mother-cell constitute new ceUs and acquire a membrane, whilst the 
remainder persists as the protoplasm of the mother-cell, which con- 
tinues to live, e.g. ; the formation of the spores in th,e asci of Fungi 
(Fig. 39) and Lichens, of the endosperm, and of the germinal vesicle 
(oosphere) of phanerogamous plants. 

(6.) In conjugation the protoplasmic contents of two or more cells 
coalesce to form a new cell, which acquires a membrane : this is called 
a Zygospore, This process occurs in a typical maimer in various 
groups of Algae, e.g., Spirogyra (Fig. 40), and of Fungi 




Fio. 40.— Conjugation of the cells of Spirogyra (x 400). A The cells of two filaments 
which are prepared for conjugation. At a the filaments have begun to swell towards each 
other. The spiral hands of chlorophyll are recognisable at cl, and the nucleus at K. At B the 
protoplasmic contents of the cell p is fusing itself with that of the other j/. At {? is a per^ 
fectly-formed Zygospore. Z. 

The formation of new cells does not therefore necessarily imply an 
increase in number ; this is the case only when division into two, four 
or many cells, or free cell-formation occurs; in the process of reju- 
venescence the number is imaltered, and in conjugation it is actually 
diminished. 



CHAPTEE IL 

THE TISSUES. 

§ 21. Those combinations of cells are designated Tissues which 
are governed by a common law of growth. According to their 
arrangement in space, the following combinations of cells may be 
distinguished : 

A. Filaments, where the cells are connected only by their contiguous 
ends, and so form a filament, e.g., many Algae, as Spirogyra (Fig. 40), 
(Edogonium (Fig. 37), and many hairs (Fig. 62 a d). 
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B. SfiirfaceSj when the cells form a single layer and are in contact 
in two directions of space (length and breadth), e.g., many AlgsB and 
the leaves of many Mosses. 

C. Masses, when the cells are in contact on all sides. 

The tissues commonly consist of cells which have originated from 
common mother-cells by their repeated division into two, and which 
have been connected from the first in consequence of the mode of 
formation of the septa (Fig. 35). In a few special cases tissues are 
formed otherwise (spurious tissues)) either cells which have been 
hitherto isolated become adherent and then continue their growth in 
common, or filaments consisting of rows of cells become interwoven 
and exhibit a common growth, without however having become 
adherent in every case (Fig. 39 sli). 

§ 22. The Common Wall of cells combined into a tissue is, 
in the first instance, usually extremely thin and delicate, and appears 
under the strongest magnifying power as a simple plate (Fig. 35). 
As it increases in thickness a middle lamella usually becomes visible 
(Fig. 41), which divides the wall into two parts, one of which appa- 
rently b^ongs to each of the contiguous cells. This middle lamella 
is nothing more than a specially differentiated part of the wall which 
belongs to both of the cells in common. Its chemical composition, 
which is different to that of the re- 
mainder of the wall, permits of its 
solution (in nitric acid and chlorate of m^ 
potash), so that the individual cells may 
be separated. When the common wall 
of similar cells is pitted, the pits on 
each side accurately meet (Fig. 41 ^) ; 
if, however, certain cells of a tissue 
undergo a special modification, as in 
the vessels, the unequal thickening of 
the membrane is confined to one side 
only of the common wall ; in the case ^'«- ^-MidcneUmeiia (m)of a teanH- 

*' ' verse section ox the cortical cells of 

of spiral thickening of the cell-well Trichcma'MS ipeeiosum{y, 500). it The 

this is self-evident. cell-wall adjoining the lamella ; I cell 

, V • 1 -t cavity ; t bordered pits which meet in 

The bordered pits, which are Cha- adjoining cells; the pits on each side are 

racteristic of the wood-cells of Conifers, divided by the middle lamella, 
demand special description. The 

membrane which separates the cavities of the pits does not lie in the 
centre as a continuation of the cell-wall, but inclines to one side or 
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the other, and lies over one of the canals (Fig. 42 B s) : there is 
thus a lenticular cavity in the wall which opens freely into one of the 

two cells, but is shut off from the other : the 
membrane is so delicate that its presence 
may easily be overlooked. The formation of 
a bordered-pit is effected by the thickening of 
the cell -wall round a small area which 
remains thin (the persistent membrane), the 
middle lamella being prolonged so as to 
surround the cavity of the pit (Fig. 42 B m). 
In certain cases the septa between the 
cavities of adjacent cells become wholly or 
partly absorbed, as, for instance, occasionally 
the thin partition between bordered pits; 

FIG. 42,~Borderedpit8outhe *^® transvcrso waUs of such cclls as combine 
woody fibres of the Pine: A to form the vessels are wholly absorbed, if 

«en from tiie surface ;^in sec- ^^ ^^ ^^ ^ • ^^ j^ ^ ^^^ j ^^ ^f 

tion ; « the persistent mem- •' o o o ^ 

brane : m the middle lamella ; the VCSSCl (Fig. 23 C « ft) J if they lie 

c an earuer stage, in section ; obliquely, they are broken through in various 

t the commencing pit (x 600, ^ •" ^ *^ 

diagram). ways. In a similar manner the transverse 

septa (and more rarely isolated areas on the 
longitudinal wall also) of the Sieve-tubes (§ 25, Fig. 47 B) are per- 
forated by closely-set and very fine open pits, and are then known as 
Sieve-plates, 

The thin part of the wall which separates the pit of a vessel from 
a contiguous living cell may frequently recommence its growth^ and 
protrude into the cavity of the vessel. Cells which thus grow into 
neighbouring vessels are termed T}ullen: they may subsequently 
undergo division so as to fill up the whole vessel They occur com- 
monly in wood. 

Such cavities as have thus originated by the absorption of cell-waUs 
and the consequent coalescence of two cells, and which continue to be 
surrounded by the walls of the original cells, are commonly called 
cell-fusions. They are usually tubular, and are formed by the absorp- 
tion of the transverse septa throughout whole rows of cells. They 
are not unfrequently branched, and they may anastomose. The true 
vessels of plants, as well as the laticiferous vessels, are examples of 
cell-fusions. 



§ 23. Intercellular Spaces are lacunae between the cells of a 
tissue. They may be formed in two ways, either by a splitting of 
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the common wall of adjacent cells, or by the disorganisation of 
certain cells. They contain either air or certain peculiar substances. 

The intercellular 
spaces which contain 
air are usually formed 
in consequence of the 
splitting of the com- 
mon wall of adjacent 
cells (Fig. 43 z). They 
occur almost exclu- 
sively between the 
thin-walled cells of 
succulent parenchyma, 
and usually at the 

angles of junction of Fio. 48.— intercellular spaces (2) between cells from the 
a number of oells atemof Zea if aw (x 660); flw the common wall (after Sachs). 

Sometimes these spaces 

— then called air-cJiamhers — attain a considerable size, so that whole 
masses of tissue are separated from each other, as in the petioles of 
the Water Lily and of other aquatic plants. The cells which border 
upon these cavities often throw out protuberances into them (also in 
Aspidium) which are known as " internal hairs ". 

The large cavities in the steins and leaves of Juncus and of other 
allied plants, are produced by the disorganisation (ie., the drying-up 
and rupture) of considerable masses of cells : this is true also with 
reference to the cavities extending through whole intemodes of many 
herbaceous stems (Grasses, TJmbelliferse, EquisetacesB), and those 
occurring in leaves (Leek). 

The intercellular spaces which contain certain peculiar substances 
will be treated of in § 28. 

§ 24. Forms and Systems of Tissue. There are usually 
in plants numerous similar cells which differ from those that surround 
them, and which are combined so as to constitute a distinct form of 
tissue^ characterised by those properties which the cells possess in 
common. According to the form and relative position of the cells, 
two forms of tissue may be distinguished: parenchyma (Figs. 22, 
29, 33, 43), in which the cells are not much longer than they are 
broad, the surfaces along which they are in contact being rela- 
tively broad; prosenchyma (Fig. 44 and section Fig. 41), in which 
the cells are much longer than they are wide, and their ends overlap. 
When the walls of the cells are much thickened, the tissue is called 



42 



PART 11. — THE ANATOHT OP PI.ANTa. 




[§2<. 

Sdennehyma ; this may be either parenchymatouH or proseDchymatous, 
according to the form of the cell& When all the cells of a tisane 
have ceased to divide and have aasumed their definite form, it is called 
jtermanent tissue. A tisjne in which, on the controry, the cells are 
stUl dividing, that is, that certain danghter- 
cells continue to divide and subdivide 
whilst the others are being converted into 
permanent tissue, is called a generating 
tissue or Meristem. The enumeration here 
given oniy includes the moat important 
forma of tissue; many other technical 
terms will be made use of in describing 
the tissues, as circumstances may require. 
When several different tissues occur in 
Pio. «.— PrononchyniBtous ong plant, as in vascular plants in oenera], 

liMue, longitudinal wction (dla- '^ j-i J y.- 

Koaa, mngnifted), the pointed "iBy are arranged into eyettms of tusueg 
mia of the elongated ceUa flt in which then composc the wholc plant ; their 
''*°" "■ arrangement bears a definite relation to the 

member of the plant m which they occur. Three such systems of 
tissues are usually met with (1) the e^dnmiai, which covere the 
exterior of the plant, and usually 
consists of a single layer of cells 
(Fig. i5 c) ; (2) the ^iiro-wMcaZar 
(Fig. 45 f), which traverses the 
body of the plant in the form of 
bundles, and is chaiacteriaed by 
the presence of sieve-tubes, vessels 
and of fibrous prosenchymatona 
cells; and (3) the fundajrtental 
tissue, which fills up the rest of 
the space (Fig. i5 g), and consists 
principally of parenchyma. 

The same form of tissue may 

occur in various tissue-systems : 

' thus both parenchvma and pro~ 

i; / flbro- senchyma occur in all three tassue- 

' systems, and there is no difBculty 

in recognising to which one they 

belong in each case. Certain tissues and peculiar cells — for inatance, 

such as serve as receptaclea for various substances, secretions, &c. — 
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when they occnr in the two internal tissue-systems, have so much in 
common that it may be expedient to consider them by themselves. 

In very young organs, such as the apices of stems and roots, the 
forms and systems of tissue are not sharply defined : the cells of the 
tissue, which is more or less homogeneous, are capable of undergoing 
division, and it is therefore called primary meristem. In this the 
three tissue-systems are subsequently differentiated. 

§ 25. The Fibrovascular System extends throughout the 
body of the higher plants in the form of strands or bands of tissue 
which are called fibro-vasctdar bundles. When the cells which com- 
pose them are lignified, and are harder than those of the fundamental 
tissue, as is usually the case, they may be easily separated from it ; 
(or instance, if the leaf-stalk of the Plantain (Plantago major) be 
broken across, the bundles project as tolerably thick threads from 
the fundamental tissue, and by the decay of this tissue they may be 
wholly freed from it. They form the venation of leaves, and when the 
leaves decay, they persist as a skeleton. In many water-plants, how- 
ever, the tissue of the fibro-vascular bundles is softer than the surround- 
ing tissues. In many cases the fibro-vascular bundles are so closely 
packed, and they become so strongly developed in consequence of the 
continued increase of their tissue, that very little of the fundamental 
tissue remains in the compact mass which they form. The wood of 
trees, including the bast, is an instance of such a fibro-vascular mass. 

The arrangement and course of the fibro-vascular bundles are inti- 
mately connected with the morphology of the plant, and with the 
differentiation of its members. In most leaves the fibro-vascular 
bundles lie in those projections of tissue which are known as veins. 
In the petiole and stem, and generally in all organs which grow 
especially in length, the fibro-vascular bundles run longitudinally : 
thus a transverse section of a stem or petiole (Fig. 45) exhibits sec- 
tions of its fibro-vascular biuidles. The bundles of the leaf and 
stem are so closely connected that even at the first development of 
the leaf at the apex of the stem, the upper end of each bundle bends 
outwards into a leaf, while the lower portion is continued downwards 
into the stem and coalesces with older bundles. Thus the fibro- 
vascular bundles traversing the stem may be regarded as being merely 
the lower portions of those which come from the leaves — as leaf-traces, 
and the whole bundle is said to be common (i.e., to both leaf and stem). 
The course of these bundles in the stem is very various; it may 
in general be referred to one of three types, which are, however, con- 
nected by intermediate forms : 
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(I.) The bundles comiDg from the leaves unite and form a eingle 
axial bundle, which runs down into the stem (this type occma but 
rarely, in certain water plants and a few Fems). 

2.) The bundles coming from each leaf are numeroue : on entering 
the stem side by e ~ 



they tend towards the 
middle of the stem; 
then they bend outwards 
and thin out gradually 
as they descend, coales- 
cing at a point much 
lower down (Fig. 46 ^4). 
In the transverse section 
of such a stem, the 
fibro - vascular bundles 
appear irregularly ar- 
ranged ; those neatest 
the centre are the thick- 
est. This arrangement 
prevails among the 
^\ Monocotyledons, parti- 

fci\ cularly the Palms. 

(3.) The bundles of 

each leaf, which are less 

numerous than in the 

it tbo fibro-vMcuiM foregoing type, bend 

..^''LiS^f'iIS downwards soon after 

hjpothe- they have entered the 

stem, and run down the 

stem parallel to each 

lai other at about an equal 




Fro. 48.— Disgtnoi of the court 
buudlu in items. J LongitudiT 
Hit* of a lUm-Btem. UiDwliig » tr 
of It TliB lenYM (cut off above Uie insertion) 
ttcBllf coneslTed of at dletlrhoiu and Hmpleij 
are BOen on botli aides of Uie stem, mi mtynJ being th 
line of each, B Outsida view and trans^eraa s 
Ceraatiiun Ihypotlietically traniparflnt to show the 

buDdlee^ The decusaile le&ves are cut off. The bundle , ■ . , . -. 

praMedlngfremoadhlaaf dlvUMlnW two above thB leaf distance from the aXlS, 
immedlaUly betow It, and the bnmi^es of sll the bundles branching and anasto- 
uolte to form the four tbin bundles wMiA alteroata In tbe . _ _^- i i_ i 

.«tloa with U« thicker ones. In the «ction, m I. the ^^""8 particularly at 
pitb. I' the cottsi, V the medull«7 tb;. The irlem in Uie the uodes (Fig. 46 S). 
flbro-«i8cul« bundle, i, indicated br shading, jjj^ tHUlBVerse Section 

of such a stem exhibits the bundles arranged in a circle more or less 
nearly concentric with the circumference, and dividing the fundamental 
tissue into two portions ; the inner, included within the cirele of fibro- 
vascular bundles, is the pith or medvlla (Fig, 46 B m), and the outtr, 
lying between this circle and the epidermis, the cortex (Fig. 46 B r). 
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Those porbions of the fundamental tissue which lie between the fibro- 
vascular bundles in the circle, and which therefore connect the pith 
and the cortex, are called the medullary rays. This arrangement 
occurs principally in Dicotyledons and G3rmnosperm8. 

Bundles which belong exclusively to the stem, termed canline 
bundles, occur in comparatively few plants ; they are such bundles as 
cannot be regarded as direct prolongations of those of the leaves. 

Boots differ so widely from stems and leaves in the structure and 
arrangement of their fibro-vascular bundles, that the consideration of 
them must be postponed for the present. 

A well-developed fibro-vascular bundle consists of two kinds of 
permanent tissue: the Xylem or Wood and the Phloem or Bast, 
Excepting when special circumstances give rise to other conditions, 
the walls of the wood-cells tend to become lignitied and their cavities 
to be filled with air : these cells constitute the firm but brittle portion 
of the bundle. In the phloem there is a tendency to the formation 
of softer and more flexible cell-walls, which are but slightly lignified, 
and the cells retain their sap. Those fibro-vascular bundles which 
consist only of these two forms of tissue are incapable of any furtlier 
growth, and are said to be closed, whereas those which possess in 
addition a layer of generating-tissue (meristem), the Cambium, through- 
out their whole length, which, by the active growth and division of 
its cells, increases the bulk of the xylem and of the phloem between 
which it lies, are said to be open. 

The xylem (wood) of a fibro-vascular bundle (so long as it remains 
unaltered by the activity of the Cambium) consists of the three 
following elements : 

(1.) True vessels (trachece, ducts) : they are formed from rows of 
superimposed cells, the transverse walls of which are absorbed or, in 
some rare cases, merely unequally thickened. 'According to the mode 
in which their longitudinal walls have been thickened, they are dis- 
tinguished as spiral, reticulate, annular, scalariform, or pitted vessels 
(Fig. 47 Ess and Fig. 25 s) (Fig. ^1 Btif and Fig. 23 C) : their 
contents are air or water. 

(2.) Much lengthened, narrow, proaonchymatous cells; the wood- 
cells or fibres (Fig. il Bh and Fig. 23 B). 

(3.) Parenchymatous cells, forming the wood-jyarenchyma, and still 
containing protoplasm ; frequently they are wanting. 

The bast in like manner consists of : 

(1.) Vascular elements, the sieve-tubes, which have thin side-walls. 
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but thick ttausverse septa, perforated by closely-set, open canals ; they 
ate filled with albuminous substances (Fig. 47 B sh). 

(2.) FrosenchymatouB elements, the bast-Jibres, which are often long 
and much thickened, bat flexible. 

(3.) Parenchymatous elements, thin-walled cells (Phloem pareit- 




U KU). X Xytem. C Cambiim 
1 pitted Tsswl; If pitted 
$b BisTs-tubaa ; b iHBt-Bbm ; e busdle^heat 
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Ill addition to these, cells oft«n occur is the phloem which belong 
to none of these three groups : these cells remain in the primitive 
condition in which all the cells of the phl< em originally were : they 
are termed camH/orTn, and, together with the sieve-tubes and paren- 
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chymo, are known as soft boat, in contradistinction to the thick-wa11e<l 
bast-fibres, the hard bast. 

These different kinds of cells are more or less fully represented in 
a section of a fibro-vascular bnndle, their proportional number varying 
with the part from which the section is taken, and with the natars 
of the plant. 




Fio. 4S.— TmuieiM aectlon of a cloied flbro-rucular bundle from the Mam of Zia Xaii 
(650) i a outer, i inner 4lde with rofsnuca to the oiia of tha Bl«m ; p poranoh jmatoiis 
IfrDtind-tisaue ; b B tvu luge pitted Tesaela ; t apind vaael ; r ring of an annulAr Tasoal ; 
I alr-apsce fonoad b; lupture. autrounded by UiiD-niled wood-cells. Between the two 
veaaela f f lie smaller retlGulsted Teasels uid VBesels with bonierad-pits. These elementn 
eonsiltuta the Xflam ; the phlofm is oampased of soft hast, v. Tha whole bundle is sur- 
rounded br a sbaatb ol thiok-wsllad, lignlOed, proseuchymHtoua cells belonging to tho 
ground-UsBus; (After Badis). 

By far the most frequent arrangement is, thnt the xylem and the 
phloem in each bundle lie one behind the other on same radius, the 
xylem being nearer to the centre of the stem, while the phloem lj)s 
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towards the periphery (v. Figs. 45, 47, 48, 50). This is the case 
both when the bundles form a circle and when they are scattered, 
when they are open and when they are closed. As the bundles bend 
outwards into the leaves without any twisting and are distributed in 
one plane, the phloem of the bundles lies towards the under surface 
of the leaf and the xylem towards- the upper surface. Exceptions to 
these relations are found in cylindrical leaves and in many petioles, 
in which the twisting of some of the bundles gives rise to an arrange- 
ment similar to,- but sometimes more complicated than that of the 
stem. In open bundles, the cambium lies between the xylem and 
the phloem. The annular and spiral vessels always form the innermost 
portion of the xylem towards the centre of the stem ; and the outer 
portion, towards the phloem, consists of reticulated and pitted vessels, 
which are the largest of all the elements of the xylem. The grouping 
of these vessels as regards each other, the woody fibres and the 
parenchyma cells is extremely various, those shown in Figs. 47 and 48 
are only some examples. 

The innermost annular and spiral vessels are the first formed in 
each fibro-vascular bundle, and already exist before the contiguous 
portion of the stem has attained its definitive length; they grow 
with its growth and, since they cannot undergo any further transverse 
division, like the other elements of the bundle which are as yet 
undifferentiated, they consist of the longest cells. 

In the phloem, the bast-fibres usually lie nearest to the periphery 
and the sieve-tubes, which are generally conspicuous by their larger 
apertures (in transverse section), are scattered in the soft-bast (Figs. 
47 and 48). 

The following deviations from this, which is the commonest arrange- 
ment (the collateral) of the phloem and xylem, as well as of their con- 
stituents, may be mentioned : 

In many plants, e.g., Gourds and Lycium, a second layer of phloem 
is found within the xylem ; in most Ferns 'the phloem completely 
encloses the xylem, forming a ring (concentric arrangement), and 
several groups of spiral vessels lie within the xylem, from which the 
development of the xylem proceeds. 

The fibro-vascular bundles of the root differ most widely from the 
structure above described. It is, in fact, impossible to speak of 
separate bundles in the root; a cylindrical mass of fibro-vascular 
bundles, sometimes hollow and containing a pith, occupies the axis 
of the root (v. Fig. 20). In this, several xylem bundles are regularly 
distributed (Fig. 49 A g), and alternating radially with them lie an 
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equal nnmbei of phloem-bundles (Fig. 49 A h). 
the number of these bundles is small, 
usually 2, 3, or 4, rarely 6 to 8 ; in ^e 
Monocotyledons it is usually lai^r. 
In each xylem bundle the spiral veasela, 
which are here the oldest constituents, 
lie nearest to the periphery. The e 
teraal layer of the fibro-vascular cyli 
der is known as the pericambium, and 
remains for a long period capable of 
development and growtK The rudi- 
ments of the lateral roots are formed in 
this pericambium, exactly opposite to 
the zylem bundles; thus, irrespectively of 
the adventitious roots which are formed 
later, theie are as many rows of lateral 
roots on a main root as there are xylem 
bundles in the fibro-vascular mass. The 
lateral roots, la the course of their 
development, have to penetrate the 
cortex of the mother-root (v. above p. 22, 
Fig. 20): their fibro-vascular bundles jn-comcaifuDdi 
are in direct connexion with those of ijJo^^di^ 
the mother-root bimdi™ a tt 

§ 26. The Growth in Thickness ll'^'J^gi" 
of the etem and mote is effected in most ar? iMt : t eork-riighoy nagnifled. 
Gymnosperma and Dicotyledons by the <*""Sm'"> 
continuous activity of the cambium of their open bundles. These are 
arranged in a circle, in a _ 

transverse section of the * ^- 

stem (Fig. 50 A) : growth 
in thickness commences 
with the occurrence of 
tangential divisions in the 
fundamental tissue (Fig. 
47 A ic) which i 
tween the bundles ; this ] 
gives rise to cambium, 
which becomes continu- 
ous with that of the fibro- 
vascular bundles. A closed hollow cylinder is thus formed, wliich 
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appears, in a transverse section, as a ring, the cambium-ring (Fig. 50 
B c) completely separating the pith from the cortex ; it consists of 
two portions corresponding to its mode of origin ; fascicular cambium, 
i.e., the cambium belonging to the fibro-vascular bundles, and the 
inter-fascicular cambium, i.e., that which is formed between the 
bundles in the primary medullary rays. 

A cambium-ring is likewise formed in roots which increase in 
thickness ; the cells which lie between the individual xylem-bundles 
and internally to each phloem-bundle are transformed into cambium- 
cells by division, and the separate groups become connected externally 
to the xylem-bundles. Thus a ring is formed which lies outside the 
primary xylem-bundles and inside the primary phloem-bundles (Fig. 
49 B). 

The cells of the cambium-ring, in the stem and root alike, constantly 
undergo both tangential and radial division, so that the number of 
the cells increases in the radial direction as well as in the circum- 
ferential : the growth of these cells produces an extension of the 
organ in both these directions. Of the cells thus formed, those lying 
on the inner side of the cambium are transformed into the elements 
of the wood (Fig. 50 .6 h^), those on the outer side, into the elements 
of the bast, while the cells of the intermediate zone continue to be 
capable of dividing. The activity of the cambium thus gives rise to 
secondary wood and secondary bast, as distinguished from the primary 
constituents of the bundle, which existed previously to, and indepen- 
dently of, the activity of the cambium. The primary wood of the 
bundle is thus the innermost part of it, and usually projects into the 
pith, particularly when the primary bundles lie rather far apart ; they 
then constitute what is termed the medullary sheath (Fig. 60 Bh^ and 
52 m s). 

The elements composing the secondary wood correspond in general 
with those of the primary xylem, but they present certain peculiarities. 
First of all it may be observed that they are arranged in radial lines, 
at any rate in the first instance, because all the elements which have 
originated from a single cambium cell lie on one radius. The cambium- 
cells are of an elongated form, and are disposed somewhat prosen- 
chymatously in such a way that their oblique septa are distinctly 
visible only in a tangential section, that is, in profile (Fig. 51 A). It is 
by the transformation of their daughter-cells, which exactly resemble 
the cambium-cells, that the different cells which compose the secondary 
wood are formed. The secondary wood of trees consists of the fol- 
lowing elements : 
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(1.) Of Vessels, which are invarbbly proviJad with boi-dered pita 
on their longitudinal walls (true spiral and annular vessels are always 
wanting) ; their diameter is greater than that of the other elemeuta, 
their constituent cells are usually of the same length as the cambium- 
cella. The transverse walls are either wholly absorbed, or only 
perforated, or sometimes murely pitted like the longitudinal walls; 
in the latter case it is often hard to distinguish botwccii the vessels 
and the wood-fibres : such structures are known 
as Tracheides. In some wood, as that of the 
Lime, delicate spiral thickenings are found in 
addition to the pits on the longitudinal walls : 
they can be distinguished from true spiral 
vessels by the delicacy of their structure and 
by the fact that injury does not cause a sepa- 
ration of the spiral thickening from the wall. 

(2.) Of woorf-jiftre^ which are much elongated, 
almost always longer than the cambium-cells, 
and their transverse septa are more oblique : 
the pointed ends of the individual cells also 
grow in between each other. The walla of 
the woody fibres are sometimes unpitted ( 
have small sliHike pita (Fig. 51 0), libri/on 
fibres; sometimes they are pitted like the walls 
of the vessels (Fig. 51 B), tracheide fibres. 

(3.) Of Wood-parenchyma which is formed 
by the repeated transverse division of the ci 
bium-cells ; the parenchymatous cells produced 
from each cambium-cell form a group which 
is hounded by the oblique walls of the c 
bium-cell (Fig. 51 D). The walls of the 
woody-parenchyma-cells are thin, and bear 
large simple pits. f^<"- 6i.— ^ camUiini-CBUB 

With reference to the very varied distribu- a^rracheidrfita^ m™ fi™ 
tionof these different elements of fibro-vascular outaidB. c ubrifonn fibre; 
bundles, it may be particularly noted that in ""'^"sroupotMiiifromtiio 

' •' » J "— "" '" wood-paronclijina aeon in SBC- 

all Conifers, vessels and true woody paren- tim. frnm tiie y»k: iwiated 
chyma (apart from the resin ducts, v, § 28) are ^^ mBwraUon- 
wanting : the medullary sheath, the primary xylem, of coarse contains 
annular, spiral, and reticulated vessels, but the secondary wood of these 
trees consists solely of tracheides, the walls of which bear the peculiar 
bordered pits described in § 23 (Fig. 42), 
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In most treea and shrubs, and in the stems of the stronger herbaceous 
plants, the fibres generally form the great«r part of the wood, and the 
vessels and woody parenchyraa-cells are scattered among them. 

Succulent stem-structures which increase in thickness, e.g., the 
tubers of the Potato, contain in the wood formed from the cambium 
nothing but thin- walled, juicy, parenchymatous cells traversed by a 
few solitary vessels, A. transverse section of the wood of our timber- 
trees exhibits, even to the naked eye, a series of concentric layers 
known as the annual rings. These layei* I'esult from the fact that 
the wood formed in the spring is differently constituted from that 
which is formed in the summer; since the external conditions on 
which this difference depends gradually change in the course of a 
year, and during the winter no wood is formed, it is easy to imagine 
that in the ring of wood which represents one year's growth a gradual 
change of structure should be perceptible from within outwards, and 
that the limit between the ring of one year and that of another should 
be sharply defined. The anatomical cause of the distinctness of the 
annual rii^ is the same in all wood, namely, that the last layers of the 
wood formed in a year are much compressed, and therefore have a very 




Junction 






dullary «y-flU th 


othBT 




;/!«»» 


prlng- 






» tb« 






odotthe 


foUowln 




1 u is tbe 


flatUned 


limit- 



four jcam old : (Hligbtl; nood ; I 

: mi niedullarj eiientti : x limit be 

t S ^ four fuiDual rln^fs : the aprli 

at ; pa primarj medullary between 

ni;a : b but-Bbna ; jrr prlmuy corUx ; 1: cork. lug layer (ISO), 

small radial diameter (Fig. 53 w). In Conifers two other layers may 
he distinguished from this outer one, viz., the spring wood formed of 
thin-walled cells (Fig. 53 /) and the autumn wood formed of thick- 
walled cells (Fig. 53 h). In foliage-trees the number and siie of the 
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vessels diminishes in each annual ring from its inner to its outer limit. 
When this takes place very gradually the eye cannot detect any con- 
spicuous difference between the spring and autumn-wood (as in the 
wood of the Beech, Lime, Maple, and Walnut) ; but some kinds of 
wood show a ring of conspicuously large vessels in the spring- wood, 
while in the autumn- wood there are numerous much smaller vessels 
(as in the wood of the Oak, Elm, and Ash). 

Besides the elements which have been already considered, the wood 
includes certain parenchymatous cells which are elongated in a radial 
direction and are known as the medullary rays. These appear in a 
transverse section as radial stripes, in a radial section as radial bands 
of small height, and in a tangential section as elliptical groups of cells 
(Fig. 54), surrounded by the elongated elements of the wood ; they 
consist of parenchymatous cells much 
elongated in the radial direction (Fig. 
53 7n), but very small in the tangential T44^f^ 
and vertical directions. These medul- 
lary rays, like the constituents of the 
wood, are developed from the cam- 

J 1 J ^^' 54.— Diagrammatic repreaen- 

bium both towards the centre and tation of the course of the medullary 

towards the circumference, so that each ^y^ '> » segment cut out of the wood : 

J ,, X J.1- J C Horizontal surface, ii Radial sur- 

meduUary ray runs from the wood f^^ r Tangential (external) surface 

through the cambium into the bast. of the wood; the shaded portion 

When once a group of cambium-cells "««»« "medullary rays. 
has begun to produce a medullary ray, it continues to do so, and the 
greater the circumference attained by the wood, the greater is the 
number of the points at which the formation of medullary rays begins 
in the cambium, and the greater the number of medullary rays which 
penetrate the wood. Those medullary rays which extend inwards to 
the pith and outwards to the primary cortex, those, namely, which 
existed at the beginning of the thickening of the stem, are termed 
primary. These increase radially, in some plants by means of the 
whole of the inter-fascicular cambium, e.g., in the Clematis, in others, 
on the contrary, by means of isolated portions of the inter-fascicular 
cambium, e.g., in the Hornbeam. Secondary medullary rays are such 
as are formed at a later stage, and do not therefore extend to the pith, 
but end blindly in the wood. When the medullary rays, or at any 
rate some of them, are large, they are easily detected by the naked eye, 
as in the wood of the Beech and Oak. 

The wood of many large timber trees frequently exhibits a striking 
difference between the older internal portion of the wood, the heart- 
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wood (duramen), and the younger outer portion known as the sap-wood 
(cdhumum). This arises from changes undergone in the course of 
years by the mature wood. The altered heart-wood always contains 
less water, has no starch in its parenchymatous cells, and is often 
darker in colour, e.g., the Pine, Larch, and Oak. 

The secondary bast formed from the cambium never attains so con- 
siderable a size as the wood ; it consists of sieve-tubes, bast-fibres, and 
parenchymatous cells in varying order, very rarely showing any regu- 
larity; sometimes the bast-fibres are in layers, so that they can be 
removed in large connected sheets, as in the Lime. The formation of 
annual rings does not take place. The medullary rays, as mentioned 
above, traverse the bast to an extent corresponding to their develop- 
ment in the wood. In many trees the cells of the medullary rays, 
and other cells also, in the bast, become sclerenchymatous ; for 
instance, in the Beech, where they project from the surface of the 
dry cortex which is in contact with the cambium, in the form of 
sharp teeth. As the cambium-ring is constantly increasing in circum- 
ference, the bast which surrounds it necessarily experiences consider- 
able tension, particularly in the outer portion. This tension naturally 
affects chiefly the parenchymatous elements which are still capable of 
growth while the bast-fibres are no longer capable of any modification ; 
hence the medullary rays are often seen to be much expanded towards 
the circumference (v. Fig. 52 pa). 

The tissues lying externally to the cambium are generally spoken of 
collectively as " cortex " ; it will be well, therefore, to designate the 
bast which has been formed by the cambium as secondary cortex, in 
order to distinguish it from the primary cortex which lies externally 
to it and belongs to the fundamental tissue. The cells of the cambium- 
ring are rich in protoplasm and tear very readily, especially when they 
are actively growing and dividing; consequently the "cortex "can be 
easily stripped from the wood. 

Many woody plants, of which, however, only a few are indigenous 
to this part of the world, depart from the general type here described 
both in the origin and in the mode of growth of their cambium-ring. 
The arborescent LiliaceaB (Yucca and Dracaena) may be mentioned as 
being the only Monocotyledons of which the stems increase in thick- 
ness. As the fibro-vascular bundles are all closed, there is no cambium, 
and the increase in circumference is possible only by a new formation, 
in a zone of the fundamental tissue, both of isolated, closed, fibro- 
vascular bundles and of fresh fundamental tissue. 

§ 27. The term Fundamental Tissue (ground-tissue) includes 
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bU the mass of tissae which does not form part of the fibro-vasculnr 
bundles or of the epidennis (Fig. 34 g). Various forms of veils 
and of tissues occur in it, and those 
parte of it in particular which lie in 

immediate contact with other tissne- 
Hystems are frequently remarkable 
for peculiarities of structure. 

Those forms of fundamental tissue 
which occur in close connexion with 
the epidermis are included under 
the term Hypoderma. One form fre- 
quently occurs in the stems and leaf- 
stalks of dicotyledonous plants which 
isknownft8(7o/;encAyma(Fig. 55c;), 
a tissue, the cells of which are narrow 
and elongated, withtheirwallsthick- ,, . „ . ,,,,.>.,,.„( 

° ' (il sad collenctiTnu IctI of tbe Iwi-Btalk of 

ened along the lines of contact, and HBi«oniaitbB«plderml»«l]aHreunifDrml; 

capable of swelling-up considerably. *^"''™''' <™ «« ""t"' *«" ''^™ ""^ 

In other cases the elements of the Ulu tbe coUeDcbyms it Mh> angles wberu 

hy poderma are fibrous and sclerenchy- *'"™ '^^ "'*'*• *^"* tbickaning* have 

, I. f, . . S"»t capseitj lor BWeUlng ; cW chlorophjU 

matous, aa m the leaves of Conifers. g„iB,: pparencbyma.c8U{x6M): ccuUde 

Bundle-sheath (Endodermis). (^ter^ch.). 
This name has been given to the single layer of cells (belonging to the 
fundamental tissue) which 
forms a common investment 
to thefibio-vascularbundles 
of the stems of many Dico- 
tyledons (Fig. 47 e). It is 
invariably present in roots. 
■ The walls of these cells 
which are in contact are 
usually folded in a peculiar 
manner and are cuticularised 

External -sheath. This ^t"^ 
term is applied to such cells 

of the fundamental tissue „epidnml«ofthB upper Burfa™-™ epldermTof tbe 
as surround fibro-vascular undsr aadtxe -, pa p^Uude punQchrma : tp ipougy 

bundles andhaveundergono p*™'"'''™^ 

special modification. The closed bundles of Grasses (Fig. 48) and of 
many Monocotyledons are surrounded by an investment consisting 
of several layers of prosenchy matous cells. 
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The rest of the fundameDtol tissue, the complementary tissue, con- 
sists (with the e:£ceptioa of the prosenchymatous ground-tissue in the 
stems of Ljcopodiaces, &c.) of thin-walled succulent parenchyma 
with intercellular spaces : the cells may contain chlorophyll-corpuscles, 
as in the case of leaves and of the cortex of stems, or the tissue 
may be colourless, as iu the interior of succulent stems, in roots, and 
in juicy fruits. 

The chlorophyll — con- 
taining ground-tissue of 
leaves is usually of a differ- 
ent teiture at the two sur- 
faces of the leaf ; it is in 
consequence of this that 
the two surfaces differ some- 
what in colour. 

The tissue of the upper 
surface consists principally 
of paJlisade ;parenchyma, 
that is, of narrow, elongated 
ceUs, arranged perpendicu- 
larly to the surface and 
having very small intercel- 
lular spaces (Fig. 56 pa) ; 
the parenchyma of the 
under surface, on the con- 
trary, the spOJigy paren- 
chyma, is formed of cells 
which are irregularly ar- 
ranged, and are separated 
by large intercellular spaces 
(Fig. 56 sp). 

The cells of the pith of 
woody plants generally all 
die, as inSambucus^Elder), 
OT at any rate most of 
them do so. 

Sderenchymatoue ceDs 
iccur in the most different 
parts of the fundamental tissue; thoy may be isolated as, for instance, 
in the flesh of Fears and in the cortical parenchyma of many trees, or 
united to form a considerable mass of sclerenchymatons tissue, as 
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in the shell of many fruits, as the hazel-nut, and the stone of others, 
as the plum. 

§ 28. Internal Receptacles for Secretions. In the fibro- 

vascular system, as well as in the fundamental tissue, besides the forms 
of tissue hitherto described, there are found other structures which 
serve to secrete and to transmit certain substances which do not occur 
throughout the plant: these structures traverse both the internal tissue- 
systems, so they cannot be regarded as belonging especially to either, but 
must be considered separately. According to their mode of origin, these 
receptacles may be either isolated closed cells containing nothing but the 
matter secreted, or they may be vascular structures, formed by the fusion 
of elongated cells by the absorption of their walls; or, again, they may 
be intercellular spaces, cavities filled with secretion which have been 
formed either by the absorption of a mass of tissue (lyslgerums) or by 
the separation from each other of uninjured cells (seJiizogenoiui) 
(v. above, § 23). They may be arranged in the following order, 
according to the nature of the secretion : 

(1.) Crystals or clusters of crystals are frequently found in certain 
cells, particularly in the fundamental tissue of Monocotyledons and 
in the bast of many trees. 

(2.) Cells filled with mucilage occur in the Malvaceae, in the cortex 
of the Elm and Firs, in the tubers of the Orchideae ; mucilage also 
occurs in lysigenous intercellular spaces in the CactesB ; cherr^gum, 
which is formed by a gradual transformation of groups of cells, must 
be included here. 

(3.) The milky juice (latex) which flows from many plants when 
they are cut, derives its milky appearance from minute solid particles 
which are suspended in watery fluid, constituting a sort of emulsion ; 
the milky juice frequently contains caoutchouc, and sometimes, as in 
Chelidonium, it is yellow. This milky juice is found in different 
vessels in the different families of plants. 

(a.) In the Cichoriacese (as the Dandelion and Scorzonera), the 
PapaveraceaB, and Campanulacese, it is contained in the laticiferous 
vessels ; they are straight or branched, anastomosing rows of cells, the 
transverse walls of which are absorbed or perforated (Fig. 57). 

(6.) In the Euphorbiacese (e.g., the Spurges), the Urticaceae, and 
Asclepiadeae, the milky juice is contained in closed cells, which are 
much branched and extend throughout the whole plant. These lati- 
ciferous cells are already present in the embryo, while it still consists 
of only a few ceUs, and they grow with its growth without undergoing 
any division. 
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(c.) The milky juice is contained in cells of small dimensions, 
which are not unfrequentl; arranged in rows; this is the cose in the 
Maple, in Sambucus (Elder), where these cells are visible as red lines 
at the circumference of the dried-up pith, in the ConvolvulaceEe, where 
the milky juice contains much resin, in Isonandra Ghttta, of which the 
inspissated milky juice forma Gutta percha. 

AU these forms of laticiferous vessels occur principally in the cortex 
and phloem, but they sometimes occur also on the inner side of the 
fibro-vascular bundles of the plants in question. A great number of 
very important products, valuable in medicine and the industrial arts, 
are derived from the latex : thus Caoutchouc (India rubber) is the 
dried milky juice of SipJconia elastica, one of the Euphorbiacese, and 
Opium is the milky juice of the unripe capsules of the Poppy, 
Papaver eomniferwm. 

(4.) Resins and ethereal oUs, not unfrequently combined, occur : 

(a.) In cells, in the Lanrineie, e.g.. Camphor; in the Zingiberacefe, 
Acorus, and other plants ; the solitary resin-cells in the wood of the 
SUver Fir may be mentioned here. 
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(&.) In intercelltdar spaces, which may be of lysigenous origin and 
are then usually of a spherical form ; those were formeriy designated 
glands (Fig. 58). The oil of the Citron, Orange, Kutaceae, Myrtacea; 
is contained in such cavities, as well as that of the leaves of Hyperi- 
cum, which present in consequence a number of transparent spots. 

The other intercellular spaces which contain oil or resin are of 
schizogenous origin, that is, they are formed by the separation from 
each other of certain cells surrounding the intercellular space (which 
is usually elongated in form), and differing from the rest of the tissues 
in their arrangement and mode of division (Fig. 69). To these belong 
the oil cavities which traverse the primary cortex and phloem of the 
Compositse, and the gum-resin-ducts of the Umbelliferae and their 
allies, in which the resin is mixed with gum : also the resin-ducts 
of the Terebinthacese, Simarubeae, and Coniferae, which contain a 
Balsam, i.e., a solution of resin in an ethereal oil. In the Coniferse 
(among which resin is wholly absent from one genus only, namely 
Taxus), they are found in the leaves, the arrangement varying with 
the species, and they pass from them into the primary cortex ; they 
also run longitudinally through the wood and transversely in the 
larger medullary rays. Lysigenous resin-receptacles of a spherical 
form are formed secondarily in several species, e.g., the Larch, in the 
primary and secondary cortex. 

§ 29. The Epidermis. In the lowest forms of plants the 
epidermal system is not sharply defined from the fundamental tissue, 
and is properly speaking only the outermost layer of that tissue. 
In the higher plants there is usually a true epidermis (Fig. 46 e) ; 
this envelopes most annual plants, and generally consists of a single 
layer of cells, which are in close juxtaposition (with the exception of 
the stomata) without any intercellular spaces : it may be easily stripped 
off from certain parts of many plants (e.g., the scales of the Onion 
and the leaves of Begonia) as a thin transparent membrane. In some 
special cases, e.g., the leaves of Ficus and Peperomia, the primitively 
single-layer of the epidermis divides into two or more layers, 
of which the outer layer alone has the appearance of a true epi- 
dermis. Sometimes the cells of the epidermis differ very slightly 
from those of the internal tissue, as in the roots and leaves of many 
water-plants ; but the difference between the epidermis and the tissues 
which lie beneath it, in the case of the stems and leaves of terrestrial 
plants, is well marked, and the epidermis is usually further distin- 
guished by certain peculiar structures, such as stomata and hairs. 
The epidermal cells but seldom contain chlorophyll, but on the other 
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hand, they often contain othev colouring-matters in solution. Li those 
parts of plants which grow to a considerable length, theii form is 
usually elongated ; in broad leaves it is commonly tabular. The side 
walls have very frequently an undulating outline, so that the adjoin- 
ing cells fit into each other. The ex1«mal wall is usually mnch more 
thickened than the other walls ; its outermost layer is always cuticu- 
larised, and is called the euiide ; it is clearly defined from the inner 
layers, which aie also more or less cuticularised (rig. 60), and it 
extends continuously over the whole of the epidermis. It haa a 
tendency to form thickenings 
projecting outwards from the 
surface. Particles of wax are 
included in the cuticle of many 
terrestrial plants which protect 
—.1/ ~ their surface from being wetted 
by water. This wax often 
J^fb*^^ appears on the surface in the 
form of small granules, rods, or 
flakes, and then forms a bluish 
r bloom, which is easily wiped off, 
'^^-i^rr^ty"" "* *^ f""*™""! or aometimea a considerable mass, 
aa in the fruits of Myrica 
eerifera and the trunks of spme Palms (Ceratoxylon andicola and 
KlopBtocMa ctrifera). 

,y The Stomata are organs which 

here and there interrupt the con- 
tinuity of the epidermis and effect 
a communication between the air 
contained in the intercellular spaces 
and in the vessels, and the external 
atmosphere. Each stoma consists 
of two peculiarly modified epider- 
mal cells called guofd-ceUs; these, 
when seen from tne surface, appear 
usually of a half-moon shape (Fig. 
61 gz) and surround the opening of 
the stoma. This leads to the air- 
1 cavity (Fig. 60 i), a large intercel- 
= lular space between the epidermis 
and the underlying tissue, which 
communicates with Uie other intercellulai spaces. The whole stoma 
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originates thus: a young epidermis-cell dividBs into two, the two 
guard-cells; these aie separated by a septum, which is at first simple, 
but which subsequently splits. The size of the opening may be in- 
creased or diminished by the action of external influences, and this 
is effected by changes in the form of the guard-cells. Stomata are 
found on almost all parts of terrestrial plants which are above the 
ground, and are particularly abundant on leaves (as many as 600 to 
the squaie millimetre) ; they are usually wanting in submerged organs, 
and are always absent from roots. 

Haira are products of the epidermis, and are generally formed by 
the outgrowth of single epidermal cells. They may remain unicellu- 
lar, as in the case of the root-hairs which form the velvety covering 
of young roots, and of the hairs on the outer coat (testa) of the seed 
of Gossypium, which constitute Cotton ; or they may undergo division 
so that they consist of a row of 
cells (Fig. 62 a, d) ; or again, the 
outgrowth from the epidermal ceil 
may undergo divisions in two or 
more directions, in consequence of 
which either a layer of cells is 
found, a^i in the case of the scales 
(ramenta) on the leaves of Ferns, 
or a mass of cells, as in the case 
of the stiff hairs on the fruits of 
Thistles and similsj plants. If a 
mass of cells be formed at the 
apex of a hair, or if the cells near 
the apex are much lai^er than the 
rest, it is called a glandular hair 
(Fig. 62 b). In many cases the 
contents of the hair-cells disappear /a 
at an early stage, as in Cotton, 
and are replaced by air. Some- 
times the membrane becomes _^^ .^-„„ 
greatly thickened, and often con- uu (x loo}^ 
tains deposits of considerable «»a"°f development 
quantities of lime and silica. The stinging hairs of Nettles and other 
plants secrete an acrid fluid which, as their points break very easily, 
enters the object touching them. 

The Glands, the eecretiuf; organs of the epidermis, are peculiar in 
that the secretion (which is usually of a sticky nature) makes its 
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appearance in tbe Bubslance of the cell-watl under the cuticle : it 
cauBCS the cuticle to separate from the lemaindei of the cell-wall, and 
finally ruptui'es it. Secretion takes place frequently over the general 
surface of the epidermis, as ia young twigs of the Birch, or over 
certain circumscribed areas of it, as the teeth of the leaves of Frunus, 
Salix, and other plants, and the nectaries of flowers, or at the apex of 
glandular haiis, as in Primula sinensis : the colleters which clothe the 
young organs in the winter-buds of trees, and which coyer the unfold- 
ing leaves with their secretion, are also glandular hairs of this kind. 
Digestive glands, which secrete a fluid capable of dissolving various 
foreign bodies, are peculiar to certain plants ; they are found in the 
"tentacles" of Drosera, &c. (Fig. 72). 

In those parts of plants which grow in thickness, such as the stems 
and branches of trees, the tubers of the Potato, and napiform roots, 
the epidermis ia usually unable to keep pace with the increase of the 
circumference, and it ruptnres ; a new protective tissue is usually 
formed from the cortical fundamental tissue, which is termed the 
Cork or Periderm. 
This consists of tabu- 
lar cells arranged in 
rows perpendicularly 
to the circumference 
of the organ : their 
walls are couverted 
into cork and are 
scarcely permeable to 
water : they usually 
contain nothing but 
air (Fig. 63 k). The 
eork-cella are formed 
by tangential divi- 
sions taking place in 
the cells of a special 
meristem, the Pkello- 
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parenchymatous cells 
containing chlorophyll are formed in a similar manner from the 
phellogen, and lie internally to it : these ate known as Phelloderm. 

A formation of cork is' wholly absent in only a very few woody 
plants, as the Mistletoe and a species of Maple (Acer Pennsylvani- 
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cum); in Euonymus it occurs only in branches of several years' growth. 
It usually takes place in one-year's shoots towards the end of summer, 
so that their originally green colour is changed to brown. This peri- 
derm, which serves as a substitute for the decaying epidermis, and 
which may be termed primary^ is usually formed in the outermost 
layer of the cortex in immediate contact with the epidermis; in 
rare cases the epidermis itself is transformed into phellogen (in Salix 
and the Pomacese), or the phellogen originates in a more internal layer 
of the cortex (Leguminosse, Larch, Eibes), or even in the phloem (as 
in the Grape- Vine). In consequence of the impenetrability to water 
which is characteristic of the cork cells, all the tissues outside the 
periderm necessarily dry up, and these dried-up tissues, which may 
belong to various tissue-systems and include the most various forms 
of cells, constitute what is known as Bark, In roots the primary 
periderm is always formed in the pericambium ; consequently the 
whole of the cortex, which is often of great thickness, is transformed 
into bark and is thrown off (compare Fig. 49 B), 

When the primary periderm originates in the outer layers of the 
cortex (or in the epidermis), it forms for many successive years the 
external investment of the branch ; it may attain considerable thick- 
ness, as in the Cork-oak, and at the same time exhibit an alternation 
of dense and loose layers (e.g., the Birch, in which the layers may be 
peeled off in thin white sheets) ; sometimes (as in Acer campestre and 
the Cork-elm) it forms wing-like projections from the angles of the 
branches. In a few trees, as the Silver Fir, this primary periderm 
persists for some years, or, as in the Beech, during the whole life of 
the tree; the outer cork-cells split off as the trunk of the tree in- 
creases in thickness, while the phellogen, growing and extending in a 
tangential direction, gives rise to new layers. In most cases, after a 
few years, new secondary layers of periderm are formed in the deeper 
layers of tissue, causing, naturally, the production of a very consider- 
able bark. If the new secondary layers of periderm occupy only a 
part of the circumference, and their margins are in contact with the 
periderm which has been previously formed, a scaly bark is formed, 
that is, isolated patches of tissue are transformed into bark. This 
bark is stretched and torn by the increasing size of the trunk, and the 
scales of it may be shed, as is the case in the Plane, or they may adhere 
one upon the other, as in the Pines and Larches, or remain connected 
by the bast-fibres in long strips, as in Kobinia. When, on the otlier 
hand, the primary periderm has been formed in the deeper layers of 
the cortex, the secondary periderm often forms complete concentric 
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rings ; thns hollow cjUndera of the cortex are transformed into bark 
(Tinged bark). The longitudinal rupture of this kind of bark is 
effected by the baat-fibres enclosed in it, e.g., Vine, Clematis, and Thuja. 
There are in the periderm organs corresponding to the stomata of 
the epidermis, and serving, like them, to admit air to the living 
portion of tho cortical tissue; these are the Lenticeh. They are 
nsaally circumscribed circular areas of the periderm where the cork- 
cells formed in the course of the summer are not arranged closely 
together, but are separated 
by intercellular spaces. In 
winter the lenticels are closed 
by ordinary cork-cells. They 
are most easily detected in 
branchesof one year's growth, 
where they are to be seen in 
the summer in the form of 
brownish or whitish specks 
f^^'JT^i^Zm: r«^r« ™™au'^"™ «i^ """ier "'e Pl«»« where the 

»nd jrf the phellogon of the lontlcal, J< cnrtioal paren- stomata OCCUr in the Cpider- 
ymm conUining chloraph jll, ^j^^ ThcSC Spots are COm- 

monly the starting-points of the formation of cork. In many trees, 
as the Birch, the lenticels become much extended in width by the 
growth of the branch in circumference. When the cork-layer is very 
thick, as in the Cork-oak, the lenticels form deep canals filled with 
a pulverulent mass of ceUa, 

In woody plants the falling off of the leaves breaks the continuity 
of the epidermis. This process is induced by the formation in the 
autumn of a zone of peculiar tissue at the base of the leaf, the cells 
of which become separated along one plane by the splitting of the 
common walls, so that the cells remain uninjured. Cork is snbse- 
quently formed under the layer of cells covering the portion of the 
leaf which remains attached : the cork formed here becomes con- 
tinuous with the periderm which invests the branch. 

§ 30. The Primary Menstem and the Apical Cell. 
The growing end or apex of an organ, such as a root or a st«m, is 
called the gi'owing-potnt (punctum vegetationis). In roots it can be 
readily distinguished on account of its freedom from colour, and it 
will be seen to be enveloped by a transparent mass of tissue forming 
the root-cap (see § 7). In stems the growing-point is enclosed by the 
young leaves. In the growing-point the different forms of cells and 
systems of tissue which have just been described are not yet present; 
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it coDBists of a tissue, the cells of which are all capable of division, 
rich in protoplasm, thin-waUod, and in close juxtaposition, without 
any intercellular spaces : this ia the primary mei-istem. Out of this 
tissue the various tissue^ystema are gradually formed by the differen- 
tiation of the originally similar cells. Most leaves and fruits, and 
many other organs, consist, at the earliest stage of their development, 
wholly of primary meristem, which is subsequently transformed into 
the different forms and systems of tissue, so that none of the primary 
meiistem remains. In those organs, on the other hand, which have a 
continuous apical growth, as most stems and roots, new primary 
meristem is constantly being produced proportionately to its transfor- 
mation into pernianent tissue, by the formation of new cells at the 
growing-point. At the apex of a root, the tissue of the root is formed 
backwards from the primary meristem, and the rootrcap forwards ; the 
external cells of the latter are constantly being worn oE. 

In Cryptogams this constant production of primary meristem ia 
effected by meaus of 
a single cell, which 
occupies the apex of 
thegrowingorgan.and 
is distinguished by its 
size and form ; this is 
the apical cell (Fig, 65 
v). From it all the 
cells of the primary 
meristem, and conse- 
quently those of the 
whole mass of the 
plant, originate in 
the following way : it 
divides in regular suc- 
cession into two ; of 
these, the one remains 
exactly similar in form 
to the original termi- ^^ 
nsl cell, it increases 
in sise, and then fulfils 
the functions of the 
terminal ceU in its ««"™t. wuoh ti,=i>, uk« 

md each iegmsnt here jJbi 

turn ; the other, known 

as the aegment, by farther subdivision (Fig. 
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of the tissue of the organ to which it belongs. The whole mass of 
tissue is fonned from the segments which are thus successively pro- 
duced. The mode of the formation of the segments is very simple 
in some Algae, where the terminal cell is divided only by transverse 
septa, so that the segments form a longitudinal row. The process is 
more complicated when the segments are cut off right and left 
alternately by oblique walls which intersect. It is still more compli-. 
cated when, as in the stems of Mosses and of Ferns, the terminal 
cell has the form of an inverted three-sided pyramid, from which 
segments are cut off on each of the three sides by inclined walls in 
regular succession (Fig. 65). 

The growing point of the higher plants, the Phanerogams, has no 
apical-cell, to which the cells of the primary meristem owe their origin. 

§ 31. Formation of Tissue in consequence of Injury. 

When the internal tissues of most parts of plants are laid bare .by 
injury, they are gradually covered by a formation of cork taking place 
in the outermost layer of cells which remain uninjured and capable 
of growth. This is easily seen in injured fruits, leaves, and herbaceous 
stems, in which the wounds that have been covered by a layer of cork 
are distinguished by a grey-brown colour. The process is very easy 
to observe in potato-tubers, for each portion of living tissue taken from 
one, if only prevented from drying too quickly, will soon be covered 
over the whole surface by a layer of cork precisely similar in structure 
to the ordinary rind. In plants in which the wood is well developed^ 
cork is not immediately formed — particularly when the cambium is 
wounded or laid bare — but all the living cells which border on thd 
wound give rise to a homogeneous parenchymatous tissue known ad 
the Callus, If the wound is small the callus-cells proceeding from the 
different sides soon come into contact and close up into a single mass 
of tissue, which then gives rise to cork on its outer surface, and, 
meeting the old cambium within, forms a new layer of cambium, 
which fills up the cavity. If the wound is a large one, cork and new 
cambium are formed in the callus at the margins of the wound, and 
it is not wholly closed till after repeated rupture of the approaching 
cushions of callus. The wood exposed by the wound, which usually 
assumes a dark colour imder the influence of the air, does not grow 
with that fonned from the new cambium of the callus ; hence inscrip- 
tions, for instance, which are cut in the cortex so as to reach the 
wood, though subsequently covered by a number of annual layers of 
wood corresponding to the number of years, may easily be found. 
A similar explanation accounts for the fact that the surfaces of the 
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stumps of cut-ofif branches become overgrown ; the callus first appears 
as a ring from the cambium exposed in the transverse section, and 
afterwards closes like a cap over the old wood. Foreign bodies — nails, 
stones, and stems of other plants — may thus become enclosed in the 
wood of a tree and be overgrown by it; the cortex, being forced 
against the foreign object by the pressure of the growing wood, splits, 
and the callus formed in the rent grows round the object, enclosing 
it and producing new cambium. 

Stems of plants of the same species will grow together if they are 
in close contact ; the callus formed by the cortex of both, coalesces 
and gives rise to a common cambium. On this depend the various 
modes of artificial grafting, in which branches or buds with a portion 
of the cortex are taken from a variety or an allied species and placed 
so that their cambium is in contact with that of a stem which serves 
as the stock, and subsequently they grow together. 
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CHAPTER I. • 

CHEMICAL PROCESSES IN PLANTS. 

§ 32. The Elementary Constituents of the Food of 

Plants. All parts of living plants contain a considerable quantity of 
water : this fonns not merely the principal constituent of the cell-sap, 
but also saturates the cell-walls, the protoplasm, in short, all organised 
structures. It is one of the poculiarities of organised structures that 
minute particles of water are interposed between the particles of solid 
matter of which they consist. By heating to 100° or 110° Cent, all 
the water contained in any part of a plant is expelled, and in conse- 
quence it will naturally lose weight. The amount of this loss, that 
is, the quantity of contained water, is very different in various plants ; 
ripe seeds dried in the air contain from 12 to 15 per cent, of water, 
herbaceous plants 60 to 80 per cent., and many water-plants and Fungi 
as much as 95 per cent, of their whole weight. 

The residue, which gives off no more water at a heat of 100° Cent., 
the dry solid, consists of a greab variety of chemical compounds ; these 
are partly organic^ that is to say, combinations of Carbon with other 
elements, and partly inorganic. Those organic substances which occur 
in the living plant (with the exception of salts of oxalic acid) all 
contain Hydrogen. Some of them, such as many oils, consist of these 
two elements only (carbon and hydrogen), but by far the greater 
number, including Cellulose, Starch, and Sugar, as well as the vege- 
table acids, and certain oils, contain Oxygen also. The albuminous 
substances consist of Carbon, Hydrogen, Oxygen, Nitrogen, and 
Sulphur ; in other bodies which contain Nitrogen, as Asparagin and 
many alkaloids, there is no sulphur; from certain other alkaloids, 
for instance Mcotin, oxygen is also absent. 
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The organic compounds can for the most part be resolved into 
volatile products — chiefly carbonic acid, water, and ammonia — ^by 
exposure to great heat with free access of air, that is, by combustion. 
The inorganic residue is a white, or, if the combustion is imperfect, a 
grey powder, the ash. 

As the result of chemical processes attending the combustion, the 
sulphur previously contained in the organic compound appears as 
sulphates in the ash, and the carbonic acid {ormed during combustion 
combines with some of the inorganic substances. These therefore 
must not be included in an accurate estimate of the constituents of 
the ash. 

The ash usually constitutes but a small percentage of the whole 
dry solid of the plant. The following analyses of various portions of 
plants will give an idea of its amount and composition : 



1000 PARTS OF DRY SOLID MATTER CONTAIN : 



Clover, in bloom 
Wheat, grain 
Wheat, straw 
Potato tubers 
Apples 
Peas (the seed) 



68-3 
197 
637 
877 
14-4 
27-3 



21-96 
6-14 
7-33 

2276 
614 

11-41 



1-39 
0-44 
074 
0-99 
376 
0-26 



*6 



24-06 
0-66 
3-09 
0-97 
0-69 
1-36 



7-44 
2-86 
1-33 
1-77 
1-26 
2-17 






I 

I 



0-72 
0-26 
O'SS 
0-46 
0-20 
016 



674 
9-26 
2-68 
6-63 
1-96 
9-96 



OQ 



2-06 
0-07 
1-32 
2-46 
0-88 
0-95 



1-62 
0-42 
36-25 
0-80 
0-62 
0-24 



^ 



2-66 
0-04 
0-90 
1-17 

0-42 



These constituents of the ash do not form a merely accidental 
mixture ; it has been proved by experiment that certain inorganic 
matteys are absolutely necessary to the life of the plant Those 
elements which the plant requires for its nutrition, and which must 
therefore be regarded as part of its food, are : — 

L Those forming the organic compounds. Carbon, Hydrogen, 
Oxygen, Nitrogen, and Sulphur : 

II. Those forming the inorganic compounds. Phosphorus, Chlorine, 
Potassium, Calcium, Magnesium, Iron. 

Besides these we find in the ash of many plants — though they 
cannot be regarded as essential to nutrition — the following elements : 

Sodium, Lithium, Manganese, Silicon, Iodine, Bromine, and in rare 
cases, also Aluminium, Copper, Zinc, Cobalt, Nickel, Strontium, and 
Barium. 
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Fluorine mxat also exist in Y(^;etablea, for it is found in a percep- 
tible quantity in the dentine of animals which feed directly or in- 
directly on vegetables. 

§ 33. The Absorption of Carbon. The source from which 
all plants containing chlorophyll derive their carbon is simply and 
solely the carbonic acid of the atmosphere (or in the case of eub- 
mei^ed plants, that which is held in solution by the water), which is 
decomposed under the influence of hght by the cells which contain 
chlorophyll. If a water plant (e.g., a leaf of Potamogeton natans, 
or a portion of the stem of Elodea canadensui) he placed in water 
which holds carbonic acid in solution and be exposed to sunshine, it 
will be seen that from the cut surface of the leaf or stem bubbles of 
gas are given off at regular intervals 
(Fig. 66). These consist of oxygen. 
The carbonic acid is in fact decom- 
posed in the chlorophyll corpuscles 
in such a way that part of its 
oxygen is leatored to the atmos- 
phere, whilst the residue combines 
with the elements of water to form 

' organic compounds, which therefore 

1 a wBight that iHsps the item in it« Contain carbon, hydrogen, and oxy- 
i4™^o Hie B«.bubbi8.rw>« from the cut g^n; the last, however, in smaUer 
quantity than carbonic acid (C 0,). 
Since almost all the constituents of the food of plants (and not 
carbonic acid only) are compounds which are rich in oxygen, contain- 
ing, in fact, for the most part the maximum proportion of that element, 
and since the products formed within the plant itself are all very 
poor in oxygen, — some of them being wholly destitute of it, — it is a 
necessary inference that in the course of nutrition considerable quan- 
tities of oxygen muet be evolved. 

The first organic compound which can be detected as a product of 
assimilation is in most plants Starch {C, Hn, OJ, which makes its 
appearance in the chlorophyll-corpuscles in the form of minute 
granules; sometimes grape-sugar is formed instead. A certain tem- 
perature and the co-operation of light are both indispensable to this 
process ; in the dark no oxygen will be eliminated, and the formation 
of starch-grains in the chlorophyll-corpuscles will also be no longer 
observable. Of the different rays which compose the solar spectrum, 
the least refrangible, and particularly the yellow rays, have the most 
effect in promoting this process. The organs which are adapted for 
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the function of assimilation are those which are rich in chlorophyll, 
particularly the foliage-leaves. 

No carbon is assimilated by green plants in any other way ; except- 
ing this particular process, there is no instance in all nature of the 
conversion of carbonic acid into organic compounds which contain 
a smaller proportion of oxygen ; hence all carbon, even that contained 
in the organic compounds of the animal body, is derived from the 
carbonic acid decomposed in the chlorophyll-corpuscles. 

A number of plants which are not furnished with chlorophyll — for 
instance, ail Fungi and a few of the higher plants, as the Dodder 
(Cuscuta), Orobanche, and Monotropa — are unable, in consequence of 
its absence, to decompose carbonic acid ; hence they are compelled to 
derive their organic compounds directly from other living plants, or 
from the decomposing remains of other organisms (humus) : in the 
former case they are said to be parasites (e.g., Cuscuta, Orobanche) ; 
in the latter they are called saprophytes (e.g.. Mushrooms, Neottia, 
Monotropa, etc.). 

§ 34. Metabolism. The substance formed in the chlorophyll- 
corpuscles — ^that is, starch, in the majority of plants — constitutes 
the raw material from which all the other organic substances of 
the whole plant are elaborated. In this process of elaboration, 
the combined nitrogen and the inorganic substances absorbed from 
the soil, and the oxygen taken up from the atmosphere, are also 
concerned. The starch-grains (or their physiological equivalent) are 
continually being absorbed and removed from the chlorophyll-cor- 
puscles. Under normal vital conditions, when the plant is exposed 
to the light, the formation of starch is in excess of the immediate 
consumption, so that starch-grains are always to be found in chloro- 
phyll-corpuscles ; but if the plant be placed in the dark, the starch- 
grains gradually disappear. 

Of all the substances which are elaborated in the plant, those are 
the most important which contribute to form the substance of the cell- 
walls and of the protoplasm ; they are spoken of as plastic substances. 

The cell-walls consist of cellulose, Ce Hjo O5. It has been shown 
that Starch, Sugar, and Inulin, which have a similar chemical consti- 
tution, as well as fatty matters, all serve as material for the formation 
of cellulose, and are thus the plastic substances for the cell-walls. 

The protoplasm consists essentially of albuminous substances 
(proteids), which all contain nitrogen and sulphur ; such albuminous 
substances and other nitrogenous compounds, as asparagin, constitute 
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the plastic materials for the protoplasm and allied structures, such as 
the chlorophyll-corpuscles. 

The plastic substances are not consumed at once in the organs in 
which they are formed, but they are generally utilised in other parts of 
the plant and at a later period : hence they are stored up for a time, 
sometimes for a long time, in considerable quantities in special organs, 
and are then called reserve-materials. The seeds of all plants are organs 
for the storage of such reserve materials; they contain, besides the 
embryo, the nutritive substances which it requires during the first 
stages of its development. Tubers are also such organs, and thickened 
roots (Potato, Dahlia-tubers, Turnips), as well as the persistent parts 
of perennial plants, such as the rhizomes of herbaceous plants, certain 
parts of the tissue of the branches and trunks of trees and shrubs, 
and in evergreen plants, even the leaves themselves. 

Potato-tubers, for instance, contain, as is well known, a great quan- 
tity of starch ; when the buds grow out into shoots, and new plants 
begin to be formed, the starch disappears in proportion as new cell- 
walls are developed. In the same way the starch of the seeds of 
cereals, the cane-sugar of the beet-root, the inulin of Dahlia tubers, 
the fatty oil of the seeds of the Eape, the Pumpkin, the Sunflower, 
and other plants, is used up in the formation of the cell-waUs of the 
new plant. Certain layers of cells, particularly the cells of the medul- 
lary rays of trees, contain, in the winter a quantity of starch which is 
absorbed and consumed during the spring when new shoots are 
developed. Cellulose itself occurs as a reserve-material in the seeds 
of the Date and other Palms; the remarkably thickened walls of 
endosperm-cells are absorbed during germination, and subserve the 
growth of the seedling. The proteid-grains (aleurone) described in 
§ 15 are the albuminous reserve-materials of the seed. 

If seeds are made to germinate, or if shoots grow out from other 
deposits of reserve material, as Potatoes and the like, in the dark, no 
fresh formation of plastic substances can take place so that the whole 
of the newly-formed cells are developed at the expense of the reserve- 
materials ; thus the degree of development reached by plants grown in 
the dark depends on the supply of reserve-materials, which varies in 
difiTerent plants. For instance, if the tiny seed of the Tobacco ger- 
minates in the dark, only a minute seedling is developed, while a 
potato-tuber or a beet-root can nourish large plants. 

The plastic substances which are stored up as reserve-material 
undergo a series of changes before they attain their final form, which 
inay be cellulose, or the proteid of protoplasm. The plastic materials 
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for the cell-walls, whether they are deposited as starch, cane-sugar, 
inalin, fatty oils, or cellulose, are always in part changed into grape- 
sugar, which is conveyed in solution through the parenchymatous cells 
by diffusion to the spot where it is to be utilised, — that is, to the place 
where the new cells are being formed. Very frequently a temporary 
deposition of it in the form of starch occurs in the conducting tissues, 
more particularly in the bundle-sheaths. 

The intermediate forms assumed by the albuminous reserve-sub- 
stances are but little known. These substances appear generally to 
travel slowly through the thin-walled elongated cells of the phloem, 
but in some plants asparagin appears as an intermediate form, which 
travels through the parenchymatous tissue. 

The starch of the chlorophyll-corpuscles is conducted, in the same 
way as the starch of the reservoirs of nutriment, to the spot where it 
IB to be utilised, partly in promoting the growth of the new organs, 
and partly in being stored up in one of the depositories in the form 
of one of the above-mentioned substances. 

A great number of compounds of carbon occur in plants, which 
stand in no direct relation to the' development of new cells ; they are 
the by-products of metabolism, which are formed partly as an inevit- 
able result of the various changes effected in the different plastic 
substances, and partly also in connexion with the performance of 
functions which are at present in great measure unknown. Among 
these by-products are Tannin, Colouring matters, Acids, Alkaloids, 
Volatile Oils, &c. They also are formed from the reserve-materials, 
which are therefore never entirely consumed in the construction of 
new organs. 

Finally, the products of degradation are the last terms of the series 
of changes expressed by the word metabolism. They can undergo no 
further modification in the organism, and they have been formed from 
its organised constituents. To these belong most kinds of gum. In 
Gum Tragacanth, which is excreted by many species of Astragalus, 
the organisation of the cell- walls is plainly perceptible; they have 
become capable of swelling-up enormously. Cherry Gum is formed in 
the same way from cell-walls which have become difiuent, but it is 
not soluble in water. Gum Arabic, which is formed by several kinds 
of Acacia, consists of cell-walls which have been so greatly changed 
as to be absolutely soluble in water. 

§ 35. The Source and Significance of the other Con- 
stituents of the Food. All the nutriment of plants, with the 
exception of carbonic acid, is derived from the soiL 
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The Hydrogen of the organic compounds is obtained by the decom- 
position of the water which permeates every part of the plant, and is 
constantly being absorbed from the earth. 

Nitrogen, which is an essential constituent of albuminous substances, 
is never assimilated in a free form; although it is present in large 
quantities in the atmosphere, a plant perishes if the soil in which it 
grows contains no compounds of nitrogen. Nitrates and compounds 
of ammonia are widely distributed, and it is in this form that nitrogen 
is taken up by the plant. 

The small group of carnivoroiis plants, such as Drosera and 
Utricularia, have a special means of obtaining nitrogenous food ; by 
their leaves they capture small insects, &c., and absorb compounds of 
nitrogen from them. 

Sulphur, which is a constituent of albuminous and a few other 
substances occurring in plants, such as oil of Mustard, is derived 
from the sulphates of the soil. Probably the formation of crystals 
of oxalate of lime is connected with the decomposition of the absorbed 
sulphates : the oxalic acid of the plant combines with lime to form 
oxalate of lime, liberating sulphuric acid which then undergoes 
further decomposition. 

Phosphorus is a constituent of the phosphoric acid which is always 
found associated with the albuminous substances, and which seems to 
stand in some close relation to them ; phosphates constitute a large 
proportion of the ash of seeds. 

Iron, though it is met with in very small quantities, is absolutely 
necessary for the formation of chlorophyll, and therefore also for the 
formation of starch. The leaves produced by plants which are 
not supplied with iron during their growth are white so soon as 
their own store of iron is exhausted ; these leaves, which are said to 
be chlorotic, become green in consequence of the formation of chlo- 
rophyll, if the soil be supplied with iron, or even if their surface only 
is washed with a very weak solution of iron. 

Potassium is found in the form of salts combined with various 
organic acids, as tartaric acid, racemic acid, and oxalic acid. Unless 
the soil contains potassium, no formation of starch can take place in 
the chlorophyll-corpuscles; further, the potassium salts must bear some 
relation to the plastic materials of the cell-walls, since they are found 
fcHT the most part in those portions of plants which are rich in starch, 
sugar, or similar substances, as in potatoes, beet-roots, and grapes. 

Calcium and Magnesium have been shown to be necessary to the 
normal development of plants, but nothing beyond this is accurately 
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known as to their function. They occur as salts of lime and 
magnesia in combination with both organic and inorganic acids. 

As regards Chlorine, it has been experimentally proved so far to be 
indispensable in the case of one plant only, the Buckwheat (Polygonum 
fagopj/rumj. 

It has been discovered by experimental cultures, that a plant can 
be perfectly nourished if it is supplied with all those elementary 
substances which have been enumerated as essential. This might be 
done, for instance, by supplying it with either of the two following 
groups of chemical compounds : 

1. 2. 

Calcic nitrate Calcic nitrate 

Potassic nitrate Ammonic nitrate 

Potassic superphosphate Potassic sulphate 

Magnesic sulphate Magnesic phosphate 

Ferrous phosphate Ferrous chloride. 
Sodic chloride. 

In these two mixtures, as well as in others of the same acids and 
bases which might be formulated, all the essential elements are in- 
cluded in forms suitable for absorption. 

§ 36. The non-essential Constituents of the Ash. 

SUica, a compound of silicon and oxygen, is distinguished from the 
previously-mentioned constituents of the ash, not only in that it occurs 
sometimes in greater and sometimes in smaller quantities, but more 
particularly in that the amount of it present in any organ increases 
with the age of the organ. Hence it may be inferred that it can 
hardly stand in any direct relation to the chemical processes of nutri- 
tion. Moreover, plants which are usually rich in silica can be brought 
to an apparently normal development imder conditions which render 
the absorption of silica impossible. 

Iodine and Bromine are found in many marine plants, especially in 
Algae, and are prepared from them ; it is not known if they are of 
any value in the economy of the plant 

Sodium, being universally distributed, is found in plants. 
Lithium occurs in the ash of several plants, particularly of Tobacco. 

Zinc, Copper, and othey metals, though they are not commonly 
present in the ash of plants, are nevertheless taken up by plants from 
soils which are rich in them ; from this it appears that plants may 
absorb substances which are not necessary for their nutrition. 
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§ 37. The Absorption of the Constituents of the Food 
from the Soil. With the exception of floating water-plants, which 
derive the whole of their nutriment, even their carbonic acid, from 
the water which snrrounds them (e.g., Utricularia), most plants grow 
in damp, or in dry, porous soil, from which they absorb all their 
nourishment except carbonic acid. The organs by which this is 
effected are the roots, or, in rootless plants, hairs, shoots, or branches 
of the thallus, which take the place of roots. The epidermal cells 

and (Fig. 67 h) root-hairs come into close 
contact with the minute particles of the soil„ and 
with the water which adheres to these particles. 
Some nutrient substances are held in solution in 
the water of the soil, and pass directly into the 
root-cells by diffusion; others are decomposed 
by the acid sap which is contained in the cells 
and which saturates even their cell-walls, and they 
then pass into the plant in the form of salts of 
organic acids. If a plant is allowed to grow 
over a plate of polished marble, the calcic carbonate 
is decomposed at those parts of the plate which 
are in direct contact with the roots, and a complete 
outline of the whole root-system is produced upon 
the marble. Finally, a third group of nutritious 
substances are so firmly retained by the soil that 
Jon ZT^I^ ttey cannot be dissolved out of it by water, but 
(wj of a germinating they are nevertheless absorbed by the plant The 
plant fi^wn in water of j^^^ ^ enabled to take up these as weU aa other 

Buckwheat f Polygonum -^ ^ ^* ^ 

Fagopyrumj; he hypo substauccs which occur in a soHd form, by the 
cotyiedonary portion ; ^^^ intimate connexion of the root-hairs with the 

particles of the soil. If a strongly-growing plant 
be pulled up out of the ground, those parts of the root which are 
provided with hairs — neither the apex nor the oldest portion — ^will be 
seen to be closely covered with earthy particles which cannot be 
removed without tearing the hairs. 

It has been found that the ash of plants which grow close together 
in the same soil or in the same water, may have a composition which 
is different in different cases, and which is different also from that of 
the soil ; hence it has been inferred that plants have a certain power 
of selection, that they can absorb certain matters and reject others. This 
phenomenon can, however, be more simply explained by the known 
laws of diffusion. A substance which is held in solution by the 
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medium which surrounds the plant will continue to diffuse into the 
cells of the roots until equilibrium is set up between the two fluids 
separated by the membrane, and this is equally true of those substances 
which are at once absorbed by the plant as of those which are brought 
into solution by it before absorption. K the substance is not con- 
sumed in the plant and consequently remains unaltered, the state of 
equilibrium once set up is permanent, and no more of that substance 
will be absorbed; but if it is consumed in the plant, undergoing 
chemical change in the process, it ceases to exist in the plant in its 
original form, and fresh supplies will be constantly absorbed. Since 
these chemical changes differ in different plants, it is possible to 
account in this way for the variety in the composition of the ash of 
plants which have grown side by side. 

The fact that certain constituents of the ash are indispensable to 
the life of plants is of the greatest importance in agriculture. All 
the constituents of the ash, as well as the nitrogenous compounds, 
are removed every year in considerable quantities from the soil at the 
time of harvest. Those which exist in the soil in relatively small 
quantity, such as phosphoric acid and compounds of potassium and 
of nitrogen, must be restored to it : this restitution is the object of 
manuring. 

§ 38. Oxygen ; the Respiration of Plants. In the 

process of nutrition a large quantity of compounds of oxygen is 
being constantly introduced into the plant ; and, since the ass^imUated 
substances which are formed from the compounds are very poor in 
oxygen, it follows that during assimilation a considerable portion of 
the oxygen absorbed in a combined form must be liberated and 
evolved by the plant. In contradistinction to this process — which 
is effected exclusively in the cells containing chlorophyll and under 
the influence of light — all the parts of a plant, at all times, take up 
oxygen from the atmosphere and give off carbonic acid. This process 
is Bespiration, which must be clearly imderstood to be quite distinct 
from the process of the formation of starch. The fact that plants decom- 
pose carbonic acid in the one process, and form carbonic acid in the 
other, and continue at the same to increase in weight and accumulate 
carbon-compounds, can be simply explained thus — that the respiration 
of plants is usually feeble, while the formation of starch under 
favourable circumstances is extremely active. Plants which grow in 
the dark, and therefore cannot form starch, must necessarily lose weight 
and at length perish. The more vigorous growth is the more vigorous 
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a respiration. It ia absolutely indispensable to the life of the plant ; 
n an atmosphere deprived of oxygen all the vital processeu are 
suspended, the movements of the protoplasm 
cease, the irritability of sensitive leaves dis- 
appears, as in Mimosa, Oxalia (see § 50), and 
at last the death of the plant takes place. 
By lespiration force is obtained, and new 
chemical processes are initiated. 

As in all other processes of oxidation, heat 
is set free by respiration in plants ; but as 
other conditions lead to rapid cooling, no rise 
of the temperature is usually observable as 
the result A rise of temperature is perceptible 
in special cases only, in which respiration is 
very active, and in which the conditions are 
unfavourable to rapid cooling, as in the ger- 
mination of seeds which lie very closely 
together, ag., the seeds of barley in the process 
of maltii^ ; this consists in causing the barley 
to germinate by moisture and warmth, so that 
the starch which the seeds contein may be 
converted into sugar ; during this process a 
Fio. ua— Apparaw* for dB- perceptible rifle of temperature occBTs. During 
^^^l^B^fl^^T^ ^^ blossoming of many infloresences, as, for 
iDinotini nedi. Tbs Hedi an instance, of Aroids, a rise of temperature 
i».p«i " t*««'i;» ,1™*^ 1° amounting ta 4°, 5', or even 10° above that of 

the funnal r which li loHrted ° ' ' 

Into tha mouih of a txttus con- the air has been observed. By means of suit- 

tafning . »iuu™ o( au.tk> ^^le apparatus (see Fk. 68) a similar rise of 

bonie add producHi i^ i»pi»- tcmperatuie may be detected m other plants, 

tton. TiMwhoiBtomoioMdii. even with onite smallflowers, as well as during 

a. gliw TBMBl, and ■ deUcBto , .,.-■■ 

thBrmomBtertaiimrtedth™!^ the germmation of seeds. 

the eotton wool which ci«a Finally, in the few cases in which Phagpho- 

Uu moullt The bulb of the ■; , , , - ,- . 

thermometer i. plunged tai rescence has been proved to occur in hving 
among the seedB. The tempera- plants, ss in various Fungi, e.g., Agoricut 

tun fn this Bppetsttu will be , ,, . _, ■ - ■- . i 

hi;*orii»»in.noth.r™ne.d okanu8 ; this phenomenon is intimately 
inthaeemowarforcomrMtaon, connected With the taking up of oxygen; 

^e^T^reXd^™^ ** ""^^ *^"^ ^° '""8 °^ "^^ Fui^US livCB 

of paper, fi«. and 18 siuTounded by an atmosphere con- 

taining oxygen. The old statements as to the phosphorescence of 
certain flowers have not been confirmed. 
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CHAPTER 11. 
THE MOVEMENT OF WATER AND OF GASES IN PLANTS. 

§ 39. The Slow Movement of Water in the Processes 
of Growth and of Nutrition. A potato-tuber, even if kept 
quite dry, will sprout under the influence of a sufficiently high tem- 
perature, and in proportion to the growth of the shoots, the tuber will 
become flaccid and wither, beginning at the more remote parts, in 
consequence of loss of water. This water is not only of use in that 
it dissolves nutrient substances and thus renders possible their trans- 
port to the apex of the growing shoot, but it is itself of use in the 
process of growth; for not only are solid particles of cellulose deposited 
in the growing cell-waUs, but also a certain quantity of water ; and 
moreover, the vacuole of the growing cell containing cell-sap also 
increases in size. The water which is indispensable for these purposes 
is gradually absorbed from the more remote portions of the tuber. 
As a consequence, if the tuber be kept dry, it will gradually become 
flaccid and withered ; but if it lies in damp earth, it takes up water 
from the soil, and thus water is conveyed with the nutrient materials 
to the growing parts. Water is similarly conveyed to the developing 
buds of trees, to the growing-points of seedlings, and generally to all 
growing parts of plants, from the nearer parts in the first instance, 
then from the more distant, and finally from the external medium. 
This water travels slowly from cell to cell ; as the equilibrium between 
the individual cells is destroyed by the consumption of water in the 
growing cells, the water from the more distant portions of the tissue 
is absorbed to restore it. 

§ 40. Transpiration. Every pai-t of a plant which is exposed 
to the air and which is not covered by thick layers of cork, is con- 
stantly losing water by evaporation into the atmosphere. If a stem 
bearing leaves be placed under a bell-jar at a sufficiently high tempera- 
ture, the glass will be soon covered with drops of water, in consequence 
of the condensation of the vapour given off by the plant. Transpi- 
ration is naturally the more energetic the higher the temperature and 
the drier the surrounding air. This loss of water is compensated by 
the absorption of water from the soil by the roots and its conveyance 
to the transpiring organs of the plant. On particularly hot days it 
sometimes happens that the leaves of trees and herbaceous plants lose 
more water than their roots can replace, and they droop and wither. 



80 PART in. — ^THB PHYSIOLOGY OP PIANTS. [J^ 40-41 

This drooping occurs conspicuously in parts of plants which have 
been cut off. The iranspiration varies in quantity according to the 
special organisation of the plant and of its separate parts. The stems 
of most woody plants and trees are almost entirely prevented from 
transpiring by thick layers of cork, and transpiration is small in such 
stems and leaves as are covered with a thick cuticle, as the leaves of 
Agave, the stems of Cactus, and similar plants ; these when cut off 
wither slowly, and they can thrive in a very dry soiL Tender leaves, 
on the contrary, in which the cuticle is but slightly developed, as those 
of Tobacco and Pumpkin, wither as soon as they are removed from 
the plant, or if the soil becomes too dry. 

The stomata affect the transpiration of the plant inasmuch as they 
are the external openings of the intercellular spaces into which trans- 
piration takes place from the neighbouring cells, and from which the 
watery vapour escapes into the external air. 

§ 41. The Movement of Water through the Wood. 

The water given off by transpiration is conveyed to the transpiring 
organs from the roots through the wood. If a ring of cortex be cut 
away from a tree so that all conduction through the cortex is inter- 
rupted, the leaves will not wither so long as the wood is uninjured ; 
water is still conveyed through it to them. If a cut branch be placed 
in a solution of some colouring matter such as Anilin, the colouring- 
matter rises through the wood with the water. That the lignified 
cells of the xylem serve for the conduction of water is also confirmed 
by the fact that submerged water-plants which can have no transpira- 
tion have no woody elements in their xylem. In the summer, at the 
very time when transpiration is most active, the wood-cells contain 
air ; hence the water must travel, not through the cavities of the cells, 
but in the cell-walls, or probably on their surfaces. The cut stems of 
many plants which are actively transpiring wither very rapidly, and 
when placed in water take it up only very slowly ; this arises from 
the circumstance that section in air diminishes the conducting capacity 
of the cut surface : if a portion be cut off from such a stem under 
water, water is immediately conveyed upward, and the upper portion 
recovers its turgidity. If water be forced into the stem, the same 
effect is produced. 

The water which rises through the wood-cells to supply the place 
of that which is lost by transpiration, is taken up by the roots ; hence 
the compensation depends on their activity ; if the activity be in any 
way impaired — for instance, if the soil be too much cooled — absorption, 
is diminished and the plant withers : again, a plant when newly 
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transplanted droops for a time, because the roots are incapable of 
taking np the requisite amount of water, until a new growth of 
hairs enables them to become closely attached to the particles of 
the soiL 

Leaves and stems are not capable of absorbing watery vapour from 
a moist atmosphere, or water when poured over them. It is, however, 
very evident that drooping plants recover their turgidity when they 
are wetted by dew or rain, or if the air be moist. This is the result 
partly of an increased supply of water derived from the moistened 
earth, and partly of a diminished transpiration in consequence of the 
dampness of the atmosphere. 

§ 42. The Root-pressure. It is an old observation that 
Vines when pruned bleed, as it is called, in the spring — that is, that 
water escapes from the cut surfaces ; closer investigation has shown 
that this water exudes from the openings of the large vessels. 
A similar bleeding may be observed in several trees, as the Birch 
and Maple, as well as in all woody shrubs which are growing vigo- 
rously and which are provided with a well-developed root-system. 
If the stem of a Sunflower or of a Tobacco plant be cut off a few 
centimetres above the ground, and if evaporation from the cut surface 
be prevented, an out-flow of sap will begin after a time, which may 
continue for several days. This water is absorbed from the soil and 
forced up into the plant by the roots often with a force capable of 
supporting a column of mercury of considerable height. This root- 
pressure sometimes gives rise to the exudation of drops of water from 
different parts of plants, for instance, from the tips of the leaves of 
many Aroids, and from the teeth of the leaves of Alchemilla vulgaris; 
in the latter instance it may be observed on almost any summer morn- 
ing, and it is usually mistaken for dew. In a dry atmosphere the 
formation of drops is prevented because the water forced up from the 
roots is at once evaporated. 

In herbaceous plants the water forced up from the roots contains 
only a few salts in solution ; in the Vine and some trees it usually 
holds various organic substances, and particularly sugar, in solution. 

This movement of water, effected by the root-pressure, is particu- 
larly conspicuous in the spring, and generally at the period of most 
vigorous growth. In plants which have been transpiring vigorously 
no water exudes from the cut surface in connexion with the root 
when the stem is cut through, until after a certain lapse of time, when 
the roots have taken up a fresh supply of water. This proves, in the 

first place, that there is no root-pressure in plants which are actively 

6 
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transpiring, and consequently that the root-pressure does not supply 
the water lost by transpiration. 

A brief consideration of the phenomena which have been described 
will show that there are three distinct modes in which water moves in 
the living plant ; of these, two are effected by a sort of suction pro- 
ceeding from the spot where the water is being used, namely : (a) the 
slow movement of the water in the processes of growth, and (b) the 
passage of water through the wood to compensate for the loss by 
transpiration. The third motion (c) is caused by pressure from the 
roots upwards, independently of any consumption. It must, however, 
be assumed that absorption is constantly going on at the surface of 
the roots, and that the internal tissues are so arranged that the water 
which is absorbed can be forced upwards. 

In winter, the wood-cells contain water together with larger or 
smaller bubbles of air ; hence it happens that if a hole be bored into 
a tree in winter, when the temperature is rising, the water is driven 
out by the sudden expansion of these air-bubbles; if, on the other 
hand, the temperature is falling, their contraction causes an absorption 
of water. 

§ 43. The Movement of Gases in Plants. We have seen 
that every vegetable cell takes up oxygen, and that the cells which 
contain chlorophyll consume carbonic acid. Now these gases, in order 
to reach the interior of the cells, must penetrate the cell-walls, and 
this is effected by diffusion ; they are dissolved by the water which 
saturates the cell-walls, and are conveyed by it to the point where 
they are to be consumed. In like manner the cells lose by diffusion 
the gases evolved within them ; oxygen as a product of the decom- 
position of carbonic acid, carbonic acid as a product of respiration. 

Not only do gases thus circulate by diffusion but they also move freely 
in the air-passages which usually occur in the tissues of plants; such as 
the intercellular spaces, the vessels (at any rate in summer), and the 
cavities formed by rupture, as in the stems of Grasses, Umbelliferse, 
&c. These all communicate with each other and, in terrestrial plants, 
with the outer air by means of the stomata. If air be forced into a 
leaf which has a large number of stomata — for instance, by placing 
the blade of the leaf in the mouth and closing the lips tightly round 
the petiole — bubbles of air will be seen to escape from the cut surface 
of the petiole, if it be placed in water, which come out of the openings 
of the vessels. The converse of this experiment is not equally suc- 
cessful, because the stomata of the leaf when immersed become closed 
by water held by capillary, attraction. 
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A constant interchange is always going on by diffusion between the 
air contained in these spaces and the contents of the cells ; the com- 
position of the air is thus continually changing, and currents are set 
up between it and the outer air. This movement of the air in the 
internal cavities is promoted by the swaying of the plant under the 
influence of the wind, as well as by variations of temperature. 

Submerged water-plants have very large cavities filled with air, 
which do not communicate with the atmosphere by stomata ; an inter- 
change of gases cannot take place directly between the individual 
cells and the atmosphere, but it takes place partly between the cells 
and the surrounding water which holds gases in solution, and partly 
between them and the air contained in the air-chambers. The gases 
frequently collect in these chambers in such volumes as to set up a 
pressure sufficiently great as to rupture the surrounding tissues. 



CHAPTER III. 
GROWTH. 

§ 44. The Process of Growth. Plants and their organs 
grow, that is, they increase in bulk and at the same time alter in 
form; these changes, which are permanent, are brought about by 
internal processes. A portion of a plant which has become withered 
increases in volume when placed in water, but this is not growth ; for 
if water be again removed from it, it returns to its former dimensions, 
and evidently no permanent change had been effected. But the case 
is quite different with a ripe seed ; if it be supplied with water it will 
germinate, that is, the embryo contained within it will begin to grow, 
and will escape from it. In this case permanent changes have taken 
place, and consequently no removal of water will restore the seed to its 
former condition. 

The most important of the internal processes which directly cause these 
permanent changes, is the intercalation of new particles of solid matter 
as well as of water in the growing cell-walls, by means of the protoplasm. 

The presence of plastic material is an indispensable condition of 
growth, but this does not necessarily imply that the nutrition of a 
growing plant depends upon the simultaneous absorption of nutritious 
matters from without ; on the contrary, the young growing parts of a 
plant are usually supplied with plastic material from the older parts, 
which have ceased to grow. These older parts may be reservoirs of 
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nutriment, as the tubers of the Potato, or they may be factories of 
nutriment as the leaves in annual plants, e.g., the Tobacco ; here the 
full-grown leaves form starch, and the stem and young leaves grow at 
the expense of the plastic material thus elaborated. 

A second indispensable condition is the presence of water. This 
is required not merely to enter into the formation of the cell-wall, but 
to maintain the cells in a state of Turgidity, without which growth is 
impossible. The turgid condition is brought about by the endosmotic 
absorption of so much water that the elastic cell-wall is rendered 
tense by the hydrostatic pressure. As a consequence, the solid par- 
ticles composing it are forced as far as possible apart from each other, 
the intermediate fluid areas are enlarged, and the intercalation of 
additional solid particles is rendered possible. 

§ 45. The Growth In Length of Stems, Leaves, and 

Roots. Growth is brought about by internal causes; there are 
parts of plants which, when they have attained a certain size and 
shape, are incapable of any further growth ; others, as the nodes of 
Grass-stems, may begin to grow again under certain circumstances. 
Growth is influenced by external conditions, such as moisture, warmth, 
light, and gravitation. It will be advantageous to study, in the first 
place, the course of growth when it is not affected by these external 
influences. Of this, the roots offer the simplest examples. In a growing 
root three regions may be distinguished : 

I. T?ie growing-pointy where new cells are being formed in great 
numbers from the primary tissue {meristem) by repeated division, but 
where no considerable increase of their size takes place. 

IL Tlie elongating jportion, that is to say, the part in which growth, 
chiefly in length, is taking place ; in this region the cells are increas- 
ing considerably in size, and cell-division occurs only in relatively 
small proportion. 

III. The fully-developed portion, in which various modifications of 
the cells take place, but no further growth. 

Stems which attain a considerable length grow much in the same 
way as roots ; in them also, as in roots, a mass of cells is formed by 
division at the apex, which undergo elongation at a lower level, and 
at a still lower cease to grow altogether. When, however, a stem 
possesses clearly-defined intemodes (see above, § 2), a farther complica- 
tion takes place, for within each intemode similar stages of growth are 
exhibited ; moreover, the nodes cease to lengthen at an early stage, 
whereas the intemodes continue to grow for some time. 

Most leaves consist at first of primary tissue, the cells of which 
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are undergoing division ; they attain their fnll development in different 
ways, but in all cases no part of the primary tissue remains as a grow- 
ing point so as to provide for continued growth. These three stages, 
the preparatory, the growing, and the final, are successively gone 
through by each individual celL So soon as it has been formed from 
the primary tissue, it begins to elongate in order to attain its definitive 
length. It grows at first slowly, but the rapidity of its growth 
gradually increases until at a certain period the maximum is reached ; 
it then gradually diminishes, and the cell finally ceases to grow. 
This periodicity of growth is coincident in all the cells which lie at 
the same level, so that in a growing part of a plant there is a certain 
zone where growth is most vigorous, and on each side of it the 
rapidity diminishes. 

Every part of a plant exhibits a grand period 
in the rapidity of its growth : it begins to grow 
slowly; at a certain time it grows with a 
maximum rapidity; after this the rapidity of 
growth graduaUy diminishes until the whole 
organ is fully developed. Apart from the in- 
crease and diminution in the rapidity of growth, 
the time must be taken into account during 
which an organ can continue to grow, as well 
as its capability of attaining a certain length, pio. eg. — The growing 
For instance, it is easy to observe that the primary root of the Pea in 

1 ' . ■% £ . . •1. *^o stages. A The root Is 

lower intemodes of most stems remam short; marked by lines at equal dis- 

that those above them are longer; that those tMw»8- in j the differences 

of a certain part of the stem are the longest ; ^r^titte : le^^p^^ 

and that the upper ones again are short. In lines have not been sepa- 

the same way the size of the leaves attached to Z^ *^' "^* ^ T^ 

•^ to grow here. The lowest 

these various parts of the stem increases from likewise are stiii close toge- 
below to about the middle and then diminishes. *^^'- At the growing-point 

^ ^ here elongation has not yet 

§ 46. The Properties of Growing begun, in the intermediate 

Parts. If a stem which has ceased to grow «>ne the elongation has been 

very great. 

in its lower portion, but which is still growing 
at its upper part, be strongly bent, on being released the fully-grown 
portion will resume its original position, whereas the growing part will 
retain the curvature given to it. From this it appears that the grow- 
ing parts of a plant are highly flexible but imperfectly elastic. This 
explains the following experiment : if a sharp blow be given to the 
lower rigid part of a growing shoot of the Meadow Thistle (Cirsium 
oleraceum), for instance, or to a strong shoot of the Eas^berry, the upper 
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growing portion becomes sharply curved ; this curvature persists after 
the shoot has come to rest, in such a way that the apex is inclined 
towards the side from which the blow came. 

K a growing intemode be divided longitudinally down the middle, 
the two halves separate widely ; this is due to the fact that the pith 
tends to elongate more than the other tissues, and is prevented from 
doing so by them ; as far as their extensibility allows, these tissues 
are stretched, and in this way tensions are set up. If the various 
tissues be completely separated from each other with a sharp knife, 
each will acquire a different length ; the pith becomes longer than the 
intemode originally was ; the outer tissues retain the same length or 
shorten, in which case the epidermis contracts the most. 

§ 47. The Influence of External Conditions on Growth 
in Length. The most important of these is Moisture. If the cells 
of an organ be not tensely filled with water (turgid), that organ will 
not grow at alL 

With regard to the dependence of growth upon Temperature, it is 
to be observed that the more favourable the temperature the more 
rapid is the growth. In general, the account given in § 61 of the 
relations existing between temperature and the vital functions of the 
plant holds good with reference to growth. 

Light exercises a retarding influence on growth. It is an old obser- 
vation that those stems which develope in the dark — for instance, 
potato-shoots in a cellar — grow to a much greater length, that is, they 
have much longer intemodes, than those which grow normally in the 
light. Plants which have grown in darkness, and which are therefore 
abnormal in form, are said to be etiolated. Their intemodes are very 
long, their leaves are not green but yellow, and usually much smaller 
than the normal leaves ; this is due to a morbid condition induced by 
the absence of light, for the presence of light is an essential condition 
for the performance of certain important functions. The retarding 
action of light on growth also causes the curvature of stems which have 
been illuminated on one side only during their growth, as, for instance, 
in the case of plants grown in a window. The feebler the light to 
which it is exposed, the longer wiU an intemode become ; so, when 
the light comes from one side only, the side of the stem most remote 
from the source of light is more feebly illuminated, and consequently 
grows longer than that which is nearer to the source of light ; as a 
necessary consequence, the stem wiU curve in such a way that the 
concavity is directed towards the source of light This property, 
which is exhibited by most organs, is known as positive heliotropism. 



§ 47.] CHAPTER IIL — GROWTH. 87 

Petioles are always positively heliotropic, and when illuminated from 
one side only, they curve in such a manner that the upper surface of 
the lamina is always turned towards the light ; in this process, how- 
ever, other properties also take part. In contrast to positive heliotro- 
pism, a negative hdiotropmn is exhibited by a few vegetable organs — 
e.g., the stem of Ivy and many roots — which curve away from the 
source of light in consequence of the more vigorous growth of the 
more strongly illuminated side. The nature of heliotropism is not 
yet perfectly known. 

Gravitation also influences growth : it is manifest that most stems 
and trees grow straight up from thd earth's surface at all parts of 
the globe, in the direction of a prolonged radius of the sphere; in 
the same way roots, and particularly primary roots, grow straight 
downwards, and branches and leaves grow outwards at certain angles. 
If a growing stem be placed in a horizontal position, the growing 
portion curves (Fig. 70 s) so 
that its upper surface becomes 
concave, its lower convex ; con- 
sequently the free end is directed ^^3^**^ ^ 
upwards and continues to grow 
in a vertical direction. In the 
same way the growing end of 
a root laid horizontally curves 

downwards (Fig. 70 w). If by ^'**- ^••-^^'^tuJ* <»a««d by gravitation in 

^ . ' •'a seedling of the Pea placed horizontally; the 

means of appropnate apparatus darker outline shows the original line of growth ; 

germinating seeds be caused to * "*®"* which has curved upwards ; v> the root 
. . , J . 1 . which has curved downwards. 

rotate round a centre m a hon- 

zontal plane (Knight's machine), the roots obey the centrifugal force, as 
they do gravitation under ordinary circumstances, and grow away from 
the centre in the radial direction ; while the stems, on the contrary, 
grow towards the centre, in opposition to the centrifugal force. That 
the force which determines the direction of growth of parts of plants 
tmder ordinary circumstances is in fact gravitation, is not only indi- 
cated by the coincidence of the direction of the growth of the axes 
of plants with the radius of the earth at all points of its surface, but 
it can also be proved by direct experiment Thus if plants are 
withdrawn from the influence of gravitation by being made to rotate 
slowly so that at every moment the force of gravitation is acting upon 
them in a new direction, the effects produced by the action of gravi- 
tation in successive periods of time neutralise each other, the plants — 
TOots and stems alike — will grow in indeterminate directions. 
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§ 48. Bilateral Structure of Plants. Many plants are so 
organised that their different surfaces do not grow equally ; thus in 
young leaves the under surface at first grows more vigorously than 
the upper, so that they lie folded over the end of the stem, and their 
subsequent unfolding is occasioned by a more vigorous growth of the 
upper surface. This unequal growth depends wholly on internal 
causes and not on external influences. Usually these phenomena are 
exhibited by two surfaces, and such portions of a plant are said to be 
bilateral. But there are also parts of plants which become bilateral 
imder the action of external influences ; organs, that is, the surfaces 
of which grow unequally because they are not equally sensitive to the 
action of these external influences. 

The co-operation of the internal causes, that is, the tendency 
towards a bilateral stiucture, with external influences such as light 
and gravitation, gives rise to the varieties of position which the parts 
of plants assume in nature, particularly the horizontal or oblique 
direction of stems, branches, leaves, lateral roots, and so on. 

It is by unequal growth that those movements are produced which 
are expressed by the word Nidation. If the movement takes place 
only from behind forwards, or from right to left, in consequence of 
the alternately more vigorous growth of the posterior or right side 
and of the anterior or left side, the nutation is simple; but if it 
occurs in every direction in consequence of the more vigorous growth 
of each side in succession, the nutation is said to be revolving. 

Kevolving nutation is very conspicuously exhibited by climbing 
plants, ag., the Hop, Bean, Bind-weed, &c. (v. Fig. 16 B). So long 
as the growing end of such a stem does not come into contact with a 
support, the revolving nutation carries it round in a circle. If in 
the course of its nutation the anterior surface of the stem comes 
into contact with a support which is not too thick, the movement of 
nutation is altered in such a way that the apex of the stem^ as it 
grows, will describe an ascending spiral around the prop as its axis ; 
then the turns of the spiral become steeper and narrower, and cling 
tightly to the support. Most climbing plants twine to the left, that is 
to say, the spiral ascends from left to right ; only a few, as the Hop, 
twine to the right. 
^^^^<liL climbing stemst it is immaterial which surface comes into contact 
with the support : in this respect they differ from Tendrils ^ of which 
usually one side, the underside, is capable of becoming concave as the 
result of contact with a support. They curve in consequence of the 
contact, which acts upon them as a stimulus. As a result of the 
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curvature thus induced, fresh portions of the under surface are brought 
into contact with the support, and the curvature continues until at last 
the whole free portion of the tendril is wound round it. The stimula- 
tion which is effected by the pressure is propagated through the portion 
lying between the support and the base of the tendril : this portion 
then contracts and assumes the form of a cork-screw, thus drawing 
the stem close up to the support (v. Fig. 15 As). These curvatures 
of climbing plants and of twining tendrils are accompanied by torsion, 
that is, by a twisting of the organ round its own axis of growth. 
Torsion may be produced in various parts of plants partly by external 
and partly by internal causes ; thus, to give one of numerous instances, 
horizontal or oblique branches with opposite decussate leaves may be 
found in which the leaves appear to be arranged in two rows only in 
consequence of the torsion which the internodes between the pairs of 
leaves have undergone. 

The alternate opening and closing of many flowers, .such as the 
Crocus, is likewise an effect of bilateral structure. The lower parts 
of the petals are still in a growing condition and are highly sensitive 
to changes of light and of temperature, so that when the temperature 
is rising and the light increasing the inner side grows the faster and 
the flower opens ; as the temperature and light diminish, the outer 
side grows the faster and the flower closes. 

§ 49. Growth in Thickness of Woody Plants. The 
processes of growth in the cambium which lead to an increase in size 
pf the wood and of the bast (§ 26) are subject, like those of growth 
in length, to certain specific internal laws. Thus in the Yew, for 
instance, very small annual rings are formed ; its growth in thickness 
is very small in comparison with that of Willows, Poplars, Elms, &c. 
Again, the first annual rings of a young tree are much narrower than 
those subsequently formed. 

Growth in thickness is very obviously dependent upon the quantity 
and distribution of the nutrient substances formed in the leaves. 
If a tree loses many of its leaves — as, for instance, when attacked by 
locusts — ^the formation of new wood is considerably diminished. 
The extent of the formation of new wood is not to be measured by 
the width of the annual ring, but by its cubic content ; for it is clear 
that the same amount of material will give rise to rings, the width of 
which will vary with the diameter of the wood already in existence. 
Trees which bear branches and foliage down to the ground naturally 
have a larger supply of material for the formation of new wood in 
their lower than in their upper parts, and, as a consequence, the 
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increase in size and the breadth of the rings of wood are greatest 
below, so that the stem has a distinctly conical form. On the other 
hand, those trees which bear a crown of leaves at the apex of a long bare 
stem, even on the assumption that the material is equally distributed 
and that the growth in thickness is consequently imiform throughout, 
exhibit wider rings in their upper than in their lower part : the form 
of their stems is nearly cylindrical 

The pressure exercised by the cortex, rendered tense by the growth 
in diameter of the wood, has an important influence upon growth in 
thickness. When this pressure is great, the increase of the wood is 
less than when the pressure is small This explains the increase in 
thickness exhibited by trees when planted out, before any important 
extension of the foliage can have taken place. The cortex, which had 
hitherto been in moist air in a confined space, is now exposed to the 
sun and to dry air ; it becomes brittle, and therefore can exert only a 
slight pressura The pressure of the cortex has been shown experi- 
mentally to be the cause of the formation of spring- and autumn-wood. 
In consequence of the growth of the wood during the summer the 
pressure of the cortex becomes considerable, and as the result, a 
smaller number of vessels are formed in the wood, and the external 
layers of wood-cells become flattened. In the spring the pressure 
diminishes in consequence of the. rupture of the cortex, which has 
become dry during the winter, by the wood which absorbs considerable 
quantities of water and therefore swells. That most trees cease to 
grow in thickness about the middle of August is to be attributed to 
the fact that the pressure of the cortex attains its maximum at that 
time. With reference to the relation existing between growth in 
thickness and temperature, it may be mentioned that the cambium of 
roots which have penetrated to some depth into the soil is active even 
in winter. 



CHAPTER IV. 

THE IRRITABILITY OF MATURE ORGANS. 

§ 50. The curvatures and movements which have hitherto been 
considered (§ 48) are only manifested so long as the organs in which 
they occur continue to grow. But there are many organs, particularly 
leaves, in difierent plants which perform movements even after they 
are fully grown. The internal processes which produce them are 
highly complicated; they essentially depend upon an expulsion of 
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water, in consequence of Btimnlation, from the cells of one side of k 
particular part of the petiole, which ie the actual motile organ. 

The full-grown leaves of many plauta change theii position morning 
and evening, ao that a diurnal and a nocturnal position may be readily 
distinguished. In the nocturnal positiou the leaves are usually drawn 
together, in the day position, on the contrary, they are widely expanded. 
These moTement« are beet known in the case of the Sensitive Plant 
(Mimota pudica) ; the pinne of the leaves of this plant fold together 
upwards in the evening, whilst the leaf-stalk bends downwards. The 
motile o^ans lie at the bases of the racluB and petiolnles. Similar 
phenomena may be observed in many other l^uminous plants, 
such as the false Acacias and the Bean. The leaflets of the 'Wood- 
sorrel (Oxalie acefosella) fall 
downwards in the evening 
and expand again in the 
raoining (Fig, 71), and those 
of other plants behave in a 
similar manner. 

This periodicity is deter- 
mined by variatiouB in the 
intensity of light and by 
changes of temperature. An ,^^ j„ y,, j^^^^,_ ^^ ,^^^4 j, j^i^Bd inw^d. 
increase in the intensity of at iigbt uigi« hIodk lu midrib, uid ii hIk b«ut 
light and a rise of tempera- '" 
ture effects the assumption of the diurnal position, and vice versa. 

These leaves possess also a periodic motion, effected by internal 
causes, which becomes evident when the plants are kept in continu(nis 
darkness : it is then seen that the leaves are in conslaut though not 
very vigorous movement In some few plants these proper periodical 
movements, due to internal causes, are exhibited under ordinary con- 
ditions if only the temperature is high enough. The lateral leaflets 
of the leaves of Hedysarum (Desmodium) gyrang, for instance, (a 
papilionaceous plant from the East Indies) constantly perform circular 
movements which are repeated in from two to five minutes. 

Among the leaves which exhibit periodic movements there are a 
few which possess this peculiarity, that contact with a foreign body 
causes them to pass from the diurnal to the nocturnal position : this 
is particularly conspicuous in the leaves of Mimosa pudica. 

The stamens of many flowers, e.g., of Borberie and Centanrea, are 
sensitive only to contact; those of Berberis when at rest are extended 
widely apart ; if they are touched on their inner surfaces they bend 
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coucaveljT inwards so bb to approach the stigma : those of Centaurea 

contract when touched, and thereby agitate the whole inflorescence, 

for they are inserted upon the tubular corolla, The flotets aie cloeely 

aggregated in the capitulum, and if the hand ia lightly passed over it, 

an active tremulous movement of all the florets occore. 

The haii-lile ap- 

d IS '^ *p ffl pendagee (tentacles) 

_A ^^uli/jf rfi "R oftheleafofDroseia 

•^ f=, BS.V> M il f i ^ iS T JJ ^pig 72 A), each of 

which beais an api- 
cal gland, curve 
inwaids when a 
foreign body touches 
the glands, or if 
they are moistened 
with a nitcogenons 
fiuid, in such a way 

no. TS.^Leal ol Dioirra mlimdtftlia. A Eipandai), d the " ° 
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the leaf. By this 
means small insects which have been caught by the viscid secntioQ 
of the glands are conveyed to the middle of the leaf, and are there 
brought into contact with as many of the glands as poseible ; their 
secretion dissolves all the nitrogenous constituents of the insect, and 
these are absorbed into the plant. Other carnivorous plants have still 
more complicated motile mechanisms for the same purpose. 

In order that movements of the leaves may take place, the plant 
must possess a certain degree of irritability. Long-continued exposure 
to darkness, or to too high or too low a temperature, or the action of 
chemical or electrical stimuli, induces a condition of rigidity : when 
this is the case, no stimulus will produce any movement. 




CHAPTER V, 

THE GENERAL CONDITIONS OF PLANT-LIFE. 

§ 51. Temperature. As, with a few exceptions, the evolution 

of heat within the plant itself is extremely slight, ita tempeiatore 

depends almost entirely upon that of the surrounding medium : 

equilibrium is set np between it and the plant partly by conductioii 
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and partly by radiation. Since plants are bad conductors of heat, — 
that is to say, they undergo changes of temperature very slowly — when 
the changes in the temperature of the air are rapid and extreme, the 
temperature of a plant is frequently different from that of the air, 
either higher or lower ; but when the changes are slow, as is the case 
when the surrounding medium is water or earth, the temperature of 
the plant is very nearly the same as that of the medium. As regards 
radiation, it is an important cause of changes of the temperature of 
plants, particularly of leaves When the sky is clear, these organs 
become much colder than the surrounding air, particularly at night, 
in consequence of radiation, and it is on this fact tliat the formation 
of dew and hoar-frost depends. A further cause of the cooling of 
those parts of plants which have a considerable extent of surface 
exposed to the air, is evaporation, which operates chiefly by day, and 
tends to reduce the temperature of the leaves below that of the sur- 
rounding air. 

Every process going on within a plant is connected with a certain 
range of temperature, that is to say, there is a certain minimum degree 
and a certain maximum degree of temperature, below or above which 
the process in question cannot take place. This obtains for growth, 
for the formation of starch, for the movements of protoplasm, for the 
activity of the roots, and so fortL Between these limits — the maxi- 
mum and minimum — there is for every function an optimum tempera- 
ture, different for every plant, at which that function is performed 
with the greatest activity. Thus, when the temperature is rising to 
the optimum, at every degree it is more favourable ; if it rises beyond 
the optimum towards the maximum, at every degree it becomes less 
favourable to the performance of any particular function. 

It may be generally assumed that all the vital processes of our indige- 
nous plants begin at a certain number of degrees above freezing-point; 
that up to 25° or 30° C. they increase in intensity and reach their 
optimum at about 30° ; that their activity diminishes from 30° to 45°, 
and that they wholly cease at about 50°. In plants of warmer climates 
the lower limit is considerably higher ; thus a Gourd seed will not 
germinate at a temperature below 13° C. 

Death, caused by exposure to too high a temperature, is affected by 
the presence of water; thus, while dry peas lose their germinating 
power only after exposure for an hour to a temperature of over 70° C, 
they are killed at a temperature of 54° if they are saturated with 
water. Most parts of plants wiU not bear a higher temperature than 
about 50° C. in air or 45° C. in water for any length of time. 
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The fieezii^ of plaata, that ia, theii injtiiy or death by cold, tmly 
occurs if the temperature of the plant falls some degrees (in some 
caaea even many degrees) below the freeting-point, and if at the same 
time the plant is in a condition to become frozen. Many planta are 
not killed by frost, such as Lichens, and many Mosses and Fungi; juat 
those plants which can also bear drying up without suffering any 
damage. The dry parts of plants in general, most seeds, for instance, 
and the winter-buda of trees, are not at all sensitive to cold, whereas. 
If they contain a considerable quantity of water, aa is the case when 
' buds are iu process of development aud in succulent parts of plants, 
they freeze very readily. If an oi^an containing much water be 
exposed to cold, a certain quantity of water, proportionate to the 
depression of the temperature, escapes from the cells and freezes on 
their surfaces, and the tissues contract 
in proportion ; the water does not freeze 
inside the cells. The frozen water forms 
an incrustation upon the cells (£ Fig. 73) 
of distinct crystals lying parallel to each 
other consisting of almost pure ice, for the 
substances held in solntion by the wat«r 
are retained by the remaining cdl-aap, 
which becomea therefore more concen- 
a tiated. It is certain that a great many 
•I cy»o™ Swiymw: plants are not injured by this formation 
chTiu in which ue tho ikm.hm o* !« in itself, for, if the thaw is slow, 
■ectioiu o( the fibrfriaaiTuiar bundiw tjie cells reabsorb the water and return 
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prisma (ths oTttia of the nipiund thaw IS effected very quickly, the large 
UMu««ei.ftbUoktotheflgu«). quantity of water which is suddenly 
formed cannot be absorbed with sufficient rapidity by the calls, 
and it collects in the intercellular spaces : it either induces decay 
in the plant or it escapes and is evaporated, and the plant dries 
up. However, many parts of plants, as the leaves of the 
Pumpkin, cannot be preserved from death even by the most careful 
thawing. 

Frost causes radial splittii^ of the stems of trees : the fissures 
dose up when the temperature rises, but healing can of course take 
place only in the cortex. The splitting is due to the unequal con- 
traction of the wood, that of the external parts which contain much 
water beii^ the greater. 

Cold exercises a peculiar influence on many green leaves; the twigs 
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and leaves of Thuja, Hex, and others, turn to a reddish brown colour 
in the cold, and become green again under the influence of warmth. 
This change of colour, usually from green to a light brown, results 
from a modification of the chlorophyll itself, and must not be con- 
founded with the red colour that many leaves assume in autumn and 
winter, e.g., of the Virginia creeper, and which is due to the presence 
of a colouring matter in solution. 

§ 52. Lighti as has been seen, is indispensable to the formation 
of starch ; but when that process has been accomplished, the sub- 
sequent process of metabolism and growth can go on without the aid 
of light, though they may be more or less affected by its influence. 
Shoots can grow from organs containing supplies of nutrient material, 
such as potatoes, in complete darkness : the growing end of the stem of 
a vigorous plant, if introduced into a dark chamber, will produce leaves, 
flowers, and fruit ; its nourishment being supplied by the lower leaves 
which remain exposed to the light. If the modifying influence which 
light exercises on growth, metabolism, and similar processes, be consi- 
dered, five sets of effects may be distinguished, which are produced by 
the action of light upon the vital processes of plants. These fall under 
two heads : — I. The chemical effects, which are produced for the most 
part by the less refrangible (yellow) rays of the spectrum (in this 
respect they contrast strongly with the chemical action of light on 
salts of silver) ; and II. The mechanical effects, which are produced 
chiefly by the highly refrangible (blue) rays of the spectrum. 

The chemical effects are — 

I. The formation of chlorophyll ; this is in so far dependent on 
light that the colouring matter cannot acquire its green hue, but 
remains yellow, although the particles of protoplasm which constitute 
the chlorophyll-corpuscles become differentiated from the rest of the 
protoplasm in the dark. The co-operation of light is indispensable to 
the formation of the green colouring-matter, and this effect is not 
exclusively confined to the rays of low refrangibility, but is produced 
to some extent also by those of high refrangibility. In only a few 
cases — ^as the seedlings of Conifers and the leaves of Ferns — do the 
organs of plants turn green in the dark. It must not be forgotten that 
the formation of chlorophyll depends also on the temperature, and 
will not take place if it be too low ; hence the shoots of plants which 
break through the soil in very early spring may remain yellow if the 
weather is cold, in spite of the exposure to light, until warmer weather 
sets in. 

IL The dependenec of the formation of starch on light has already 
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been pointed out (§ 33) ; the influence of the rays of high refrangi- 
bility is here very slight. 

Tlie mechanical effects are — 

in. The phenomenon that in many plants a strong light produces 
a fading of the colour of leaves and other green parts, while those 
which are shaded remain a dark-green, only so much has been 
ascertained up to the present time, that this change of colour is due to 
a change in the position of the chlorophyll grains in the cells (Epis- 
trophei Apostrophe) effected probably by the protoplasm. Many 
swarm-spores move towards the light while others on the contrary 
avoid it. 

IV. Cell-division is independent of light. It frequently proceeds 
in parts to which no light can penetrate — as in many growing-points 
and in the cambium — with as much activity as in other parts which 
are fully exposed to light, as frequently in the formation of stomata. 
On the other hand the growth of all those organs which are positively 
heliotropic is greatly influenced by light ; that is to say that it is 
considerably retarded : this effect is produced by the more refrangible 
rays exclusively. 

V. Light acts on irritable mobile organs in two ways ; in the first 
place an increased intensity of light induces the assumption of the 
diurnal position, in the second place the condition of irritability is 
intimately connected with the normal exposure of the plant to the 
influence of light (Phototonus). 

§ 53. Gravitation. All plants and all parts of a plant are 
naturally subject to the action of gravitation. It has already been 
pointed out (§ 47) how this influences the direction of growth of the 
organs of plants. Plants exhibit various adaptations for the purpose 
of maintaining a definite relation between the weight of their different 
parts and the discharge of their functions. The rigidity of their 
woody tissue enables boughs to support the weight of their leaves and 
fruit ; climbing and twining plants avail themselves of foreign bodies 
for the same end. Water-plants have various appliances such as air- 
containing spaces, very much elongated stems, etc., for raising the 
different parts to the surface of the water. The seeds and fruits of 
many plants are provided with hairy, feathery or winged appendages 
to facilitate their transport by the wind. 

§ 54. Electricity. The many chemical processes which go on in 
plants must be accompanied by electrical phenomena. As plants are 
good conductors the difference of the electric tension of earth and air 
is equalised by means of them : that this is the case is shown by the 
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fact that tall trees are frequently struck by lightning. Beyond this 
little is known. Highly electrical conditions of the atmosphere act 
upon sensitive leaves, as those of the Mimosa, like mechanical sti- 
muli; and protoplasm, when stimulated electrically, exhibits no 
special phenomena which might not be produced by other means. 



CHAPTER VL 
REPRODUCTION AND ALTERNATION OF GENERATIONS. 

§ 65. Many plants are reproduced by bulbils (see § 5) which 
become separated from them ; a similar mode of multiplication is 
effected by stems — more particularly under-ground rhizomes, creep- 
ing stems and such like — which branch and constantly die away 
from behind forwards so that the newly formed shoots become so 
many isolated and independent plants. The branches, and even 
leaves, of many plants, when artificially severed from them, will take 
root under favourable conditions, and form new plants. These various 
modes of propagation may be grouped together under the head of 
vegetative reproduction. 

But, besides these, all plants, with the exception of a few of the 
lower AlgsB and Fungi, exhibit ttae reproduction. This may be 
effected in two ways : 

(a) asexualli/y by cells termed gonidia, conidia, or spores. This is 
universal among Cryptogams but does not occur among Phanerogama 
These bodies have the power of germinating and of thus producing 
new plants without the co-operation of any other parts of the plant. 
They are usually unicellular, but they are multicellular in some Fungi. 

(h) the second mode of reproduction is the sexual ; it consists in 
the formation of two distinct cells which by their union give rise to a 
single cell which is capable of further development. In certain 
groups of Algse and Fungi (ConjugataB and Zygomycetes) these two 
cells are similar in size and form ; the process of their union is then 
termed conjugation. In most cases, however, coalescence takes place 
between two cells which differ greatly in both size and form, of which 
one is designated the male and the other the female. The process 
is then termed fertilisation. In most Cryptogams, with few excep- 
tions, the male cell is an antherozoid; it is a small mass of protoplasm, 
endowed with independent motility, which penetrates the female re- 
productive organ and coalesces with the female cell or oosphere : this is 

7 
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likewise a naked primordial cell, but it is much larger and is not 
motile. The oosphere then surrounds itself with a cell-wall and 
developes into an embryo. In the Phanerogams, which are distin- 
guished by the formation of true seeds, the male cells are known 
as pollen-grains. They effect fertilisation by the protrusion of a 
long tube which comes into contact with the oosphere lying in the 
ovule within the ovary. 

The result of this fertilisation in the case of Phanerogams 
is that from the oosphere a new plant is developed which is 
in every respect similar to the parent-plant. In Cryptogams, on 
the other hand, and very conspicuously in the higher Cryptogams, it 
is usually the case that the two modes of reproduction alternate in the 
life-history of the plant ; the one sexual, the other asexual. This is 
described by the. phrase Alternation of Generations, In Mosses, for 
example, the leafy stem bears the sexual organs and constitutes there- 
fore the first or sexual generation (oophore). The product of fertilisation 
is not similar to the parent-plant : it is a capsule (sporogonium) in 
which spores are formed, and it constitutes the second or asexual 
generation (sporophore). Each of these spores may give rise to a sexual 
plant. A more detailed account will be given hereafter of the various 
forms in which the alternation of generations presents itself in the 
higher Cryptogams when those plants are being especially considered. 
In so far as sexual reproduction occurs among the lower Cryptogams, 
(AlgsB and Pungi), the product of fertilisation may be, as in the 
Mosses, a fructification in which spores are formed asexually, or 
simply an aggregation of spores, or a single spore only which is 
directly derived from the fertilised oosphere and which constitutes 
the entire asexual generation. This spore is termed an oospore when 
it is a product of fertilisation, a zygospore^ when it is a product of 
conjugation. 
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PAET IV. 
THE CLASSIFICATION OF PLANTS 



Introductory Remarks. A systematic classification of plants 
may be arrived at by either of two methods. In the first, the different 
forms of plants are arranged according to some one given principle ; by 
this means order is established, and a definite position in the system 
is assigned to each plant. Many such systems have been devised, and 
are known as artificial systems. The principle of classification in such 
a case must be determined more or less arbitrarily and without con- 
sidering whether or not, in the resulting arrangement, the plants which 
are nearly allied are always brought together, and those which are 
less nearly allied are kept apart. The best-known of these artificial 
systems is that of Linnaeus, called the sexual system, which classifies 
plants by the number and mode of arrangement of the sexual organs. 
These organs, in his time, were known only in the Phatierogams 
(seed-bearing plants) ; to the great group of the Cryptogams^ which 
LinnsBus regarded merely as a subsidiary department of the Vegetable 
Kingdom, this principle is inapplicable. 

The natural system^ to the gradual development of which a more exact 
knowledge of the reproduction of Cryptogams has largely contributed, 
has for its object the classification of plants according to their funda- 
mental relationships, and as these are established once for all by 
Nature itself, the natural system is not based upon any arbitrary 
principle of classification, but depends upon the state of our knowledge 
of these fundamental relationships. These find their expression in the 
structure and other characteristics of the reproductive organs, as well 
as in the relation of reproduction to the alternation of generations. 

This is more particularly true with regard to the definition of the 
larger groups of the Vegetable Kingdom; within these groups 
relationships may be exhibited sometimes in one way and sometimes 
in another, so that it is not possible to lay down any universal rules 
for determining close affinities. 

As the investigation of this subject is still far from complete, the 
natural system cannot be regarded as being perfectly evolved; the 
various general sketches which have hitherto been given are therefore 
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no more than approximations to the truth. The system laid down in the 
following table has no pretension to be regarded as the only correct one; 
it is selected simply because the arrangement it offers appears to answer 
most nearly to the present state of knowledge of morphology and affinity. 
The following Table exhibits, provisionally, the main divisions of 
the vegetable kingdom : — 

1st Group. Thallophyta. Plants of very simple structure, 

without any differentiation of leaf and stem, with- 
out true roots oi; fibrovascular bundles, some 
without evident alternation of generation. 
Class 1. AlgsB. 
„ 2. Fungi 
2nd Group. Muscineae. The plant which is developed from 

the spore has generally a distinct stem and leaves, 
but possesses neither fibrovascular bundles nor 
roots, and bears the sexual organs (oophore). The 
fertilised oosphere gives rise to a capsule contain- 
ing spores (sporophore). 
Class 3. Hepaticae. 
„ 4. Musci. 

3rd Group. Pteridophyta. From the spore a small pro- 

thallus is developed which bears the sexual 
organs (oophore). From the fertilised oosphere a 
plant is developed consisting of stem, leaves and 
roots, containing fibrovascular bundles and pro- 
ducing spores (sporophore). 
Class 5. FilicinsB 

6. Equisetaceae. 

7. LycopodinsB. 
4th Group. Phanerogam ia. These plants are characterised by 

the production of true seeds containing at maturity a 
minute plant (embryo), furnished with rudimen- 
tary root, stem, and leaves. The ovule contains 
the oosphere from which the embryo is developed 
in consequence of fertilisation. 

Gymnospermae. 

Class 8. GymnospermsB. 
Angiospermae. 

Class 9. Monocotyledones. 
„ 10. Dicotyledones. 
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If the characteristics which are common to several groups be 
especially considered, the Phanerogams may be distinguished as 
seed-bearing plants from the three groups of Cryptogams which are 
sporiferous ; the Thallophytes and MuscinesB may be distinguished as 
non-vascular plants (ceUular plants) from the higher Cryptogams and 
the Phanerogams which are vascidar plants, and the Thallophytes 
from the three groups which exhibit a differentiation of leaf and stem, 
and which are termed Connophytes. 

The above-mentioned Classes are of very unequal extent ; for while 
certain of them, as the Equisetaceae, include few forms and those for 
the most part very closely allied, others, as the Dicotyledons and the 
Fungi, include an enormous number of very different forma These 
discrepancies arise from the very nature of the natural system, for a 
great diversity does not necessarily display itself in a type which is 
represented by a single class, and it must not be forgotten that 
probably the few living representatives of many Classes, for instance 
of the LycopodinsB, are but the surviving remnant of various once 
well-represented orders which have become in great measure extinct. 

Those Classes which include a sufficiently large ^lumber of forms are 
subdivided into subordinate divisions, as (1) Series, (2) Tribes, (3) 
Orders, (4) Families, and these again, if necessary, into Sub-orders 
&c. : but these names are applied in the most arbitrary manner to the 
different sub-divisions. The two narrowest systematic conceptions, 
viz., Genus and Species, are used to indicate an individual plant. 
Under the term Species are included all individuals which agree so 
closely that they may be considered as having all descended directly 
from a common ancestral form. New peculiarities may no doubt — 
though comparatively seldom — occur iu the course of multiplication : 
the individuals characterised by these new peculiarities are regarded 
in classification as varieties of the species. When several species 
resemble each other so distinctly that their general appearance 
indicates a relationship, they are grouped together in a Genus, The 
limits of genera are consequently by no means fixed, but vary 
according to the views of individual botanists. In the larger genera 
the species are grouped into Sub-genera. 

The scientific name of every plant consists — on the plan introduced 
by Linnaeus — of two words, the first indicating the name of the 
genus, and the second that of the species. Thus, for instance, the 
greater Plantain, Plantago major^ and the Kibwort, Plantago 
lanceolata^ are two species of the genus Plantago. Since in early 
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times the satne plants were often described under different names, and 
as different plants were often designated by the same name, it is 
necessary in scientific works, in order to avoid confusion, to append 
to the name of the plant the name of the botanist who is the 
authority for it. Thus Flantago lanceolata L., indicates that 
Linnseus gave the plant this name, and at the same time that the 
plant meant is the one which Linnseus described and to which he 
gave the name. Again, the Spruce Fir is called Abies excelsa D. C. 
(De Candolle), while the same plant was placed by Linnseus in the 
genus Pinus under the name Pinus Abies L. ; hence these names are 
synonymous; but Pinvs Abies Duroi, is another plant altogether, 
the Silver Fir. 

The method by which each plant has its place assigned to it in the 
natural system is exhibited in the two following examples — L Plan" 
tago major ; IL Agairicus mtiscarius : — 

I, Group : Phanerogamia. 

Division: Angiospermse. 
Class: Dicotyledones. 
Sub-class : Gamopetalse. 
Tribe: Anisocarpese. 
Sub-tribe : Hypogynse. 
Order : Labiatiflorse. 
Family: Plantaginese. 
Genus: Plantago. 
Species: Major. 

JL Group : Thallophyta. 

Class : Fungi (Carposporece). 
Order: Basidiomycetes. 
Tribe: Hymenomycetes. 
Family: Agaricinese. 
Genus: Agaricus. 
Sub-genus: Amanita. 
Species ; Muscarius. 
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GROUP I. 



THALLOPHYTA, 



This group includes the lowest forms of vegetable life. They pre- 
sent no differentiation of stem, leaf, and root, and some of them are 
unicellular, the entire organism consisting of a single cell In the lowest 
members of this group there is no sexual reproduction ; in the higher, 
the product of sexual union may be a single spore, or a mass of spores, 
or a fructification within which spores are formed. The division of 
the group into the two classes Algae and Fungi is artificial, in that it 
is based upon the presence (Algae) or absence (Fungi) of chlorophyll. 
Still it is probable that these classes are on the whole really natural, 
and that the evolution of higher forms proceeded equally in both. 

General Classification of Thallophytbs. 

A. Protophyta. 
No sexual reproduction. 

Fungi, 
Schizomycetes. 
Saccharomycetes. 



Algce, 
Phycochromaceae. 



Conjugatae. 
Zoosporeae. 



Botrydiaceae. 



Siphoneae 

Volvocineae. 

CEdogonieae. 



Melanophyceac. 



B. ZygosporcB, 

Sexual reproduction by conjugation, 
(a.) Product, a resting-spore (zygospore). 

Zygomycetes. 
Myxomycetes (1).* 
Chytridiaceae (?). 
(b.) Product, a new individual 

C. Oosporece, 

Sexual reproduction by fertilisation, 
(a.) Product, a resting-spore (oospore). 

Saprolegnieae* 
Peronosporeae. 
Entomophthoreas (1). 
(&.) Product, a new individual. 



* The note of interrogation indicates that the occnrrence of sexual reproduce 
tion has not been definitely ascertained in the Order to which it is appended. ; 
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D. CarposporecB. 

Sexual reproduction by fertilisation. 

Product, a fructification. 

ColeochsBteae.- Ascomycetes* 

riorideae. UredinesB (.^idiomycetes) (t). 

CharacesB. TJstilaginese (?). 

Basidiomycetes (?). 



Class L^ALGM. 

These are plants of the simplest structure which live in water in 
the form of green, blue-green, or brownish filaments or masses of cells, 
and clothe damp surfaces such as rocks, walls, or the bark of trees, 
with a covering of one or other of these colours. In the sea they 
attain often a very considerable mass; some of them are of a 
beautiful red or brown colour, and attract the attention of the 
observer, partly by their gigantic size and partly by the elegance of 
their ramification. Whilst some are unicellular, existing throughout 
their whole lives as single cells and producing new individuals by 
division, others form long rows of cells, or considerable masses or 
extended surfaces of cellular tissue. 

The most important feature in which the plants of this Class differ 
from the Fuixgi, is the presence of chlorophyD and the consequent 
mode of life. The Algae are able to form the organic substances 
necessary for their nutrition, whereas the Fungi are obliged to obtain 
them from other organisms. The presence of chlorophyll is obvious 
enough in the green Algae, but it exists also, though less evidently, in 
Algae which have a bluish green, olive-green, brown or red colouring- 
matter in addition in their chlorophyll-corpuscles. The nature of this 
additional colouring matter is usually the same throughout whole 
families which also resemble each other in their modes of reproduction. 

The reproduction of the Algae, when it is not merely a process of 
division, is effected by cells which are produced sexually or asexu- 
ally. The former are designated by terms which indicate the 
special mode of their development, (zygospore, oospore, carpospore) : 
the latter are spoken of generally as gonidia, (zoogonidia when 
they are motile). Reproduction by means of zoogonidia is very 
common in this class (Figs. 37 and 80) : these are small protoplasmic 
bodies, without cell-walls, formed either by the division or the 
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rejuvenescence of a cell, which move through the water by means of 
delicate filaments, the cilia : after a time they come to rest, become 
invested by a cell-wall, and give rise to new individuals by growth and 
cell-division. 

In the very lowest forms reproduction is eflfected neither sexually 
nor by means of zoogonidia. In the Conjugatse the entire contents of 
two cells unite to form a zygospore. In many Zoosporeae two 
zoogonidia, which may or may not be exactly similar and which are 
usually formed by cell-division, coalesce to form a zygospore. To 
these naturally follow those orders in which only the small male cells 
(antherozoids) are motile, the female cells being the oospheres which 
remain in their mother-cells (oogonia) and are converted into oospores 
in consequence of fertilisation. The oospores may or may not be 
invested by special integuments, and, on germination, may give rise 
to one or more individuals. From these the Floridese differ in the 
peculiar structure of the female organs and in the formation of masses 
of spores. On the other hand the ZoosporesB resemble the Botry- 
diacesB, which have only lately been accurately studied, in which a 
a new individual is formed at once, without any resting-stage, from 
the product of the union of two zoogonidia. The same occurs in the 
Melanophycese, so far as their mode of reproduction is known at 
present, but in them the female ceU, though it is set. free before 
fertilisation, is not motile. 

If, in addition to the modes of reproduction, the general vegetative 
structure of the Algae be considered, a classification such as the follow- 
ing may be constructed. This must of course be considered as only 
provisional, since the reproduction of many forms is still unknowuj 
and it is therefore only possible to assign them a systematic position 
by a consideration of their vegetative structure. 

L Sexual reproduction unknown ; no zoogonidia. 

Order 1. Phycochromacese ; bluish-green Algae. 

II. Sexual reproduction, effected by the conjugation of the entire 
contents of two stationary cells. 
Order 2. Conjugatae. 

III. Sexual reproduction, effected by the conjugation of zoogonidia. 

Order 3. Zoosporeae; the product of conjugation is a 

resting-spore. 
Order 4. Botrydiaceae ; the product of conjugation is a 
. new individual 
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IV. Sexual Reproduction (so far as is at present known), effected 
by the fertilisation of a free oosphere, from which a new 
individual is directly developed. 
Order 5. Melanophyceae. 

V. Sexual Eeproduction, effected by fertilisation within special 
female organs (Oogonia and Carpogonia). 

A. The thallus a single, much-branched, filamentous celL 

Order 6. Siphoneas. The oospore gives rise to a single 
new individual : female organ an oogonium. 

B. The thallus a tissue: several new individuals usually de- 
veloped from the oospore. 

(a,) Female organ an oogonium. 

Order 7. Volvocinese : thallus spheroidal, motile. 

Order 8. Oedogonieae : thallus filamentous ; oospore with- 
out special integuments. 

(h,) Female organ a carpogonium. 

Order 9. Coleochseteae : thallus consisting of rows of 
cells : oospore with a special cellular investment. 

Order 10. Floridese (red Algae) : the female organ has a 
complicated structure : numerous spores produced in 
consequence of fertilisation. 

Order 11. Characeas : the oosphere has a cellular invest- 
ment before fertilisation, and gives rise to a single new 
individual. 

1. PhycochromacecB or blue-green Algae. Neither sexual reproduc- 
tion nor formation of zoogonidia is known in this order : multiplication 

is effected most frequently by cell-division, 
which takes place in some cases in more 
than one plane, but sometimes also by means 
of gonidia. Several of the genera are uni- 
cellular, e.g., Gloeocapsa (Fig. 74), Chroo- 
coccus and others. The separate individuals 
are sometimes enveloped in a gelatinous 
diffluent membrane, and are thus united 
into colonies or families forming a blackish 
Fi«. 74.-Gi(Bocap«R (X 300) in or dark-bluc film on rocks or Mosses. Others 

various stages. A becomes B, C, 

A B by repeated division (from appear as mauy-cellcd filaments : Nostoc 
s*®^>- (Fig. 75 A), for instance, consists of rows 

of cells forming brownish gelatinous masses which are often to be 
found after wet weather on paths or sandy soil ; in a dry state they 
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m inconspicnons and of a dark colonr. The Oscillariefe (Fig. 75 £), 
tiie filamentB of which exhibit peculiar locomotor movemente, are often 
eeen as blue-green or brown-green 
patches floating on stagnant waters 
and having a veij disagreeable smell. 
The Bivularieffl form cushion-like 
patches consisting of a gelatinous 
matrix, in which the filaments are ' 
' disposed radially ; they occur on submerged stones and water plants. 

2. The CoiyugattB are distinguished by the process of conjugation 
which takes place between the whole of the protoplasmic contents of 
the cells in the process of reproduction. Zoogonidia are not formed. 
They are Bubdivided into three families : 

a The Z)/gnemaceee, consisting of long nnbranched filaments which 
occur in large floating patches in many waters, particularly ponds and 
springs ; they are easily recognised by their bright green or yellowish 
colour as well as by the delicacy of their filaments. Their chlorophyll- 
corpuscles have peculiar forms ; in Spirogyra they are spiral bandn 
(Fig. 40), in Zygnema, stars (Fig. 76 ^4), in Mougeotia, plates. 

b The DeamidiaeetB include unicellular forms, which are often 
extremely beautiful, as Ciosterium (Fig. 76 S), Coamarium, 
Staurastrum, Euastrum (Fig. 76 C). 

c The IHatomatxcB, in which the chlorophyll- ^ « 

corpuscles are of a dark yellow colonr. The 
individuals are unicellular ; the cell-walls con- 
tain much silica, and exhibit extremely deli- 
cate and elegant thickenings. The wall (frustule) 
of each cell consists of two halves which fit into 




Bfe#|JM>^lp»fc jfeljfa»l 
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each other like the two parts of a pill-box (Fig. 77 a). Division 
takes place lengthwise between the two halves, and the newly formed 
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wall of tbe daughter-cell is enclosed ^ntbm the rim of that of the 
mother-cell, so that the two halves of the cell-wall are of difietent 
ages. In. consequence of repeated division the individuals must grow 
smaller ; when this diminution has gone on to a certain extent the 
formation of auxosports takes place, that is of veiy large cells, 
either by means of growth alone or as the result of conjugation and 
subsequent growth. In some genera, ag., Navicula and PinntJaria 
(Fig. 77) the individuals are solitary and they are endowed with a 
peculiar creeping mode of locomotion. In others, as Melosira, they 
are arranged in long filaments. Thoy occur frequently and in great 
numbers in all waters, fresh as well as salt, sometimes also in damp 
soil between Mosses. The siliceous frustules of Diatoms have been 
preserved from the early geological 6po::h8 and exist in various parts 
of the world in great masses, under the name of infusorial earth. 

3. The Zoosporem are reproduced by means of zoogonidia which, 
in the case of many forms at least, conjugate, and give risa to 
reating-spores. 

Some families, such as the Hydrodictyem consist of unicellular 
forms which generally live together in colonies (Fig. 78 ^4), The 
whole colony is usually actively 
motile by means of the cilia of 
its individual members. Periods 
of rest sometimes alternate with 
periods of movement, and these 
resting forms were formerly re- 
garded as being distinct plants ; 
such are many FalmeUacete and 
perhaps Pleurococeus ihilgaris, 
which is constantly found as a 
green growth on the trunks of 
trees and in similar situations. 
Hematococcus lives in puddles ; 
'^^ntt^i^A 'he resting-cella are of a purplish- 
iiiof ^, In pracBH9of red colour and where they occur 
in masses they impart a red hue 
to the water or to the snow (red snow). 

The Confervem are filiform Algee which are widely distributed in all 
waters, being especially abundant near their mai^iinsj the zoogonidia are 
formed in the individual cells, either in considerable numbers or one 
only in each. The filaments of Cladophora are much branched and are 
harsh to tbe toacb. Tbe filaments of Ulothrix are simple; in this plant 
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certain Iot^t zoc^nidia reproduce it v^tativelj, whereas the 
amaUer ones conjngate and reproduce it sejcually ; Cbroolepus ia 
orange-coloured, and grows on dafa? rocks, &c, in velvetj patches. 

In Uie Ulvaix(ejiit polyhddric cells are united into flat expansions ; 
in Ulva iaetuza, which ia a common gieen aea-weed, the niemhranous 
expansion may be simple oi more or less branched ; in Enteromorpha 
it forms the wall of a tube. 

4. The BotrydiacetE are represented in fresh water by Botrydium 
alone. Tkis ia a small unicellular plant, looking like a green spheroi- 
dal vesicle with colourless root-like outgrowths which attach it to the 
mud in pools. It ia reproduced in several ways ; the most remarkable, 
perhaps, is the formation within the vesicle of the so-called "spores," 
each of which gives rise to a large number of conjugating zoogonidia. 

5. Mela- 
nophyeeie 
These are the 
brown sea 
weeds. Their 
chloEophyll 
corpuscles are 
of an oht e 
green colour 
They are ueu 
ally of a con- 
siderable siite, 
and present 

great variety of form. The 
consists sometimes simply of i 
cells, sometimes of maEEcs of tisi^ue 
it often attains gigantic dimensions, and 
appears to branch dichotomonsly. The 
cetl-walls are very mucilaginoup. Some 
are provided with large cavities tilled 
with air (Fig. 79 6), by means of which 
they are enabled to float. 

The reproductive organs are borne 
by certain branches of the thallua 
(Fig. 79). They are developed in 
pecnliat depressions of the surface, , 
the eoKceptaeles. The antherozoida '™=i*- 
are formed in certain cells termed antharidia, and the oospheres in 




110 



PART IV. — ^THB CLASSIFICATION OF PLAITTS. 



certain cells termed oogonia. The oospheres are extruded from the 
oogonia and are then fertilised by the antherozoids. The fertilised 
oosphere at once developes into a new individuaL 

The different species of Fucus and of Laminaria ate typical repre- 
sentatives of this order. ' 

6. The SiphonecB are unicellular, but the tubular cells are large and 
much branched. The different species of Yaucheria (Fig. 80) are 
freq[uently found in springs, in wells, and on damp soil, in large dark 
green patches. Zoogonidia are formed in special cells formed by the 
cutting off, by means of septa, of some of the branchings of the main 
cell (Fig. 80 F^ h). Sexual reproduction is effected by antheiidia 
and oogonia. The antheridia are cells, usually curved into a hook- 
shape, which are developed as lateral branches. Within them the 




Fio. 80.— Vauefuria seuiliM ( x 80X A $p A newly-fonned Eoogcxnidium. B A resting soogo- 
nidium. C The commencement, D and B more advanced stages of germination; $p 
EOQgonidium ; < apex of the green filament ; w its colourless part answering to a root 
F Tubular cell with sexual oi^gans ; og oogonium ; h antheridium shortly after fertilisation 
(after SachsX 

antherozoids, which are subsequently discharged, are formed, - The 
oogonia are spherical cells, developed close to the antheridia, in which 
•the oosphere is formed by rejuvenescence (Fig. 80 F, og). After 
fertilisation the oosphere becomes surrounded by a proper membrane 
and is then known as the oospore. Whether or not the very laige 
forms found in the sea, e.g., Caulerpa, consisting of a single much- 
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branched cell, really belong to thia order, is at present uncertain, for 
tfaeir reproduction has not been fully investigated as yet. 

The Older of the Siphonese appears to be more closely allied to the 
Saprolegniete (Fungi) than to the other Algse. 

7. The VolvoeineiB, as 
represented by the genue 
Volvox, are closely allied 
in their structure to the 
Zoospoiea which live in 
colonies ; the colony here 
takes the form of a hollow 
sphere. Fertilisation ia, 
however, not effected by 
the conjugation of zoo 
gonidia; but the oospheie, 
which is stationary, is 
fertilized by antherozoids. 
8, The (EdogonietB 
occur in green patches in 
springs and other waters. 
These patches are com- 
posed of cellular fila- 
ments, of which the sepa- 
rate cells sometimes pro- 
duce zDogonidia and 
sometimes become 
oogonia, the contents of 
each one being converted 
into an oosphere by reju- 
cuiiuiin.(xa50> .(MiddiBpart yenescence (Fie. 81 B). 

dwBrf rnsle pUnta (m), dsTeloped from KmgOBldla forraed The Bntherozoids, which 
in the call ™»tOiB upper p«rt el thsfiUmmt, JOogoiiium resomble the ZOOgOnidia 
at iho toDmout of iertlllAAtloi]; a tha ooBphan ; off tlie , ., 

ooB™juin;.uw«nti««.KrtdtatiMKtrftordngit.wv Dut are Smaller, are pro- 

In ; m dwBrf male pUnt. O Blps ocapore. D Piece of the duced in SOTOO SpecleS by 
niBlfl JUamant of (Ed ffeauttiaantm, i uitbaroKridB. B j j j- - < • n 

!!»«»,<.«..».»«.. Sr.i..oi»u™.»ii«««u«, repe>t<«l diyuion in thd 

a ipore, uii]Ui«r In Ui* nut of lUoirlng It to Mcaps ; In the cells of the JilamentS 

,'°™L'S""'*'"""'r. '"iir^T''""™ (Fig- 81 D):butinolh«r 

tormad from an ooapora. O Bmim-gpora from m oo*- V e- ^ / i 

pan come to rart (after FriugibBlm). species the cells of the 

filament give rise to peculiar zoogonidia which adhere to the oogonium 
and grow into dwarf males consisting of bat few cells (Fig. 81 Am): 
it is iu these that the antherozoids are formed. 
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9. The ColeochadeoB form hemispherical or disk-shaped cushions of a 
beautiful green colour on submerged stones and water-plants. The 
female organ is termed a carpogonium. It is unicellular, and presents 
a long tubular projection open at the apex, the trichogyne. After 
fertilisation the oosphere in the basal dilated part of the carpogonium 
becomes invested by a special membrane; the carpogonium becomes sur- 
rounded by outgrowths from neighbouring cells, so that it is enclosed 
in a cellular integument, and thus forms a fructification called a 
cystocarp. On germination, the oospore divides, and from the cells 
thus formed within the cystocarp there escape swarm-spores^ which 
subsequently give rise to new individuals. 

10. The FlorideoBj or red Algae, are of a beautiful red or violet 
colour, and live in the sea ; only a few forms, such as Batrachosper- 
mum moniUform^j of a purplish-brown hue, are found in fresh water. 
Many representatives of this class are distinguished by their graceful 
branching; and in several Genera, e.g., Polysiphonia^ it is of such 
a nature as almost to justify the de- 
signation of some of the branches 
as leaves. Reproduction is effected 
in a peculiar manner. Fertilisation 
takes place by means of anthiero- 
zoids which, having no cilia, are not 
motile (Fig. 82 A s). They attach 
themselves to a projecting cell of the 
female organ, the trichogyne (Fig. 
82 <) ; in consequence of fertilisation, 
a cystocarp is formed from the basal 
portion of the trichogyne, or more 
frequently from cells which surround 
its base, or from others more remote 
from it. The cystocarps are here 

masses of spores (Fig. 82 G o), or ^^°- 82.-Pruclification of NemaUon. 

. , . . , . 1 • -I j.i_ '^ ^® ®°<^ o^ a branch with a male and 

receptacles, within which the spores a female organ; the former produce the 

are formed. The asexhal reproductive antherozoids, the latter consists of the 

c.\\. (ietra^onidia)^r. also devoid of fln'-^r'^ro^'l^d't: 

cilia, and are passively floated about the base o, from which the cystocarp 
by the water. (^and Ois deyeloped(x 800). 

CaZUthximnion corymbosum, Ceramium rubrum, Chondrus crispus (used in 
medicine as Carrageen Moss), Plocamium cocdneunif Delesseria hypoglossum and 
CoraMina rvhens, are common representatives of this class in European seas. 

11. Characece, These are the only green Algse which, like the 




OBODP L — THAIAOPHTTA. 



Floridete, have members that can be n^atded aa leaves. In the genus 
Nitella (Fig. 83 A), inhabiting waters which are not hard, each 

intemode of the stem consists of a siugle cylindrical cell (Fig; 83 A ji). 




Fia. S3.— A Upper portluii ot a tmnoh ot Ititdta Jlailii (nnl. dia) ; u tba tea : i ^* 
l«ves ; wilb ip the f emHle, Hnd B the nuls orguu. B Part rittterti\»]eil not Chart fraei'"' 
(SOk); a A'lLe Iwiw: Uie fenula organ conUlos the onsphere S. The pecuUuly twlgUd 
iDTasUng-oeUa of the cerpofDnium end In % Uttla oorgiu, fa-.- a the eaUieililluiii (alter 



the wall of which is lined by a compact layer of chlorophyll-corpuscles. 
The leaves (Fig. 83 A, b) form whorla at the nodes and each consists 
of a tow, sometimes branched, of elongated cells all similar in form. 
In the other genus, Chara, of which numerous species occur in many 
waters and which are remarkable for their unpleasant smell, the stem 
and leaves aro covered with sm.all cnrtical cells. In all the long cells 
a rapid rotation of the protoplasm is perceptible. The female organ 
(catpogonium) is an egg-shaped body (Fig. 83 B) ; it possesses a 
covering of cells twisted spirally which encloses the oosphere. The 
oosphere becomes an oospore in consequence of fertilisation and 
remains enclosed in the integument. The antheridia (Fig. 83 a) are 
visible as small red spheres ; within them the spiral antherozoids are 
produced in rows of ceUs. 
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CiJLSS IL— FUNGL 

This class, like the preceding, includes many very simple organisms 
as well as others of tolerably high development. None of them 
contain chlorophyll, and their mode of life is correlated with this 
peculiarity. They must take up their nourishment, and more 
especially their Carbon, in the form of organic compounds. Some, 
termed Panxsites, such as Kust and Smut, absorb it from living 
organisms, plants or animals. Others, called Saprophytes , absorb it 
from the remains of dead organisms, or from organic compounds 
formed by living organisms : the bark of trees and the humus or 
leaf-soil of forests and meadows are examples of the former case, and 
they support numerous and often large Fungi ; the juice of fruits and 
saccharine solutions are examples of the latter case, and in these 
Moulds and Yeasts often make their appearance. 

In Fungi the cells are usually arranged in rows so as to form 
long filaments called hyphoe : these are loosely and irregularly 
interwoven (tela contexta), as in the common Mould, but some- 
times they are firmly connected into a mass of considerable size, of 
definite external form and internal structure, as in Mushrooms. A 
few Fungi only consist of small isolated cells, or of long branched 
tubular cells like the Siphonese among the Algae. The vegetative struc- 
ture developed from the reproductive cell, consists of hyphse, and is 
called a mycelium. The organs of reproduction are usually developed 
upon some part of the mycelium, but, if circumstances be unfavourable, 
the mycelium may continue to vegetate for a long time, attaining a most 
luxuriant growth, without bearing any reproductive organs. The 
white felt-like growth which often clothes the walls of damp cellars is 
a sterile mycelium of this kind. 

The reproductive cells of Fungi are formed in two ways : in the 
one, the protoplasm of the mother-cell divides into a number of spores, 
or free-cell formation takes place within it (endogonidia, ascospores) : 
in the other, segments are cut off from the mother-cell by abstriction, 
(stylogonidia) a process which differs from that of ordinary cell- 
divisions only in the marked constriction of the cell in the plane of 
division. The cells which undergo this abstriction are called basidia, 
and they frequently bear a delicate projection, the st&ingm/i, at the 
end of which the spore is borne. In some Fungi the cells formed by 
the first of these two methods are naked masses of protoplasm, and 
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move actively in water; they are called zoogonidia. The lowest 
Fungi are not reproduced sexually, and this is probably also true of 
some which are more highly organised. Sexual reproduction is 
exhibited in the form of conjugation by the Zygomycetes, in which 
branches of the mycelium coalesce, and in the form of fertilisation, 
closely resembling conjugation, in other Phycomycetes as well as in 
many Ascomycetes. Other Ascomycetes (and perhaps the Uredinese) 
have female organs which resemble the carpogonia of the FloridesB, 
and which are fertilised by small cellSj the spermatia^ which are 
passively conveyed from place to place. These cells are formed by 
abstriction in certain receptacles called spermogonia. In the follow- 
ing account of the various groups of Fungi, as in the case of the 
AlgsB, the reproductive cells which are produced asexually are spoken 
of as gonidia or conidia (stylogonidia, endogonidia, zoogonidia),^ 
whereas those which are produced sexually are spoken of as spores, 
(zygospore, oospore, ascospore). 

Our knowledge of the alternation of generations among the Fungi is 
still very incomplete, and the views held with regard to it are some- 
what discordant. This, however, appears to bo certain, that the great 
variety in the modes of reproduction, the so-called pleomorphism, 
which was believed to exist in one and the same species, has not been 
confirmed, although as a matter of fact many Fungi have more than 
one kind of reproductive organs. 

The following remarks are explanatory of the arrangement of the Fungi which 
is adopted here. With the exception of the Schizomycetes, which are doubtless 
allies of the Phycochromacese but destitute of chlorophyll, and which, Uke them, 
are reproduced generally by cell-division, Fungi are reproduced in two ways — 
asexually, by means of conidia, and sexually, by means of spores. In the 
Phycomycetes sexual reproduction is effected by the conjugation of two hyphae, 
or by a process which differs but little from this. The product is a resting- 
spore or zygospore which, on germination, may give rise to an individual bearing 
conidia, or simply to a sporangium. It is difficult to compare the life-history of 
one of these Fungi with that of an Alga or of a Moss in which the alternation 
of generations is evident. 

The Ascomycetes are probably nearly related to the Phycomycetes. In them 
the sexual process is of much the same kind ; but the product is not a single 
resting-spore, but a number of spores contained in receptacles called asd. 
These asci are more or less enclosed in the mycelial tissue, and these together 
form a fructification. The mycelium bears, in addition to the sexual organs, 
numerous organs which reproduce it vegetatively. 

The greatest difficulties are offered by those Fungi the reproductive cells of 
which are formed by abstriction. In the Uredinese the escidium-fruit is probably 
the sexually-developed fructification, whereas the other fructifications are 
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probably only vegetative. No sexual organs have been discovered as yet in the. 
Basidiomycetes, and their large fructifications may therefore be regarded as organs 
eflfecting asexual reproduction. 

As to the relationship between Fungi and Algae, it has been already pointed 
out that the Schizomycetes and the Phycochromaceae appear to be allied, and 
they are connected by intermediate forms. Resemblances also exist between the 
Chytridiaceae and the lowest Zoosporeae. It seems probable that the divergence 
of the two classes began at the first indication of sexual differentiation. In the 
lower Algae the zoogonidia conjugate, and the connexion of the more complicated 
sexual processes of the higher Algae with this simplest form can be readily traced. 
In the lower Fungi the cells which correspond to the mother-cells of the zoogo- 
nidia of the Algae are those which conjugate. 

The Entomophthoreae are perhaps intermediate forms between those Fungi in 
which the conidia are formed in the interior of mother-cells and those in which 
they are formed by abstriction. Their sporangia may be compared with those 
of the Peronosporeae on the one hand, and with the conidia of the Uredineae and 
Basidiomycetes on the other. 

The following is an attempt to classify the Fungi in accordance 
with the present state of our knowledge : 

I. Sexual reproduction unknown : multiplication by cell-division 
or by endogonidia. 
Order 1. Schizomycetes. 
Order 2. Saccharomycetes. 

II. The mycelium (if present) consists of a single tubular, much 
branched cell : endogonidia are formed in sporangia : sexual 
reproduction occurs in the form of conjugation, or of fertilisa- 
tion, the product being (except in Myxomycetes) a resting- 
spore ( Phycomycetes). 
(a). Sexual reproduction by conjugation. 

Order 3. Zygomycetes. Mycelium, a tubular cell : endogonidia 
non-motile (the sporangium is sometimes thrown off as 
a conidium). 
Order 4. Chytridiacese. Mycelium usually absent : zoogonidia : 

(conjugation has only been observed once). 
Order 5 Myxomycetes. No mycelium. The Plasmodium, 
formed by the coalescence of the amoeboid masses of 
protoplasm set free from the conidia, is motile, 
(b). Sexual reproduction by fertilisation. 

Order 6. SaprolegniesB. MyceHum, a tubular cell : zoogonidia. 
Order 7. Peronosporeae. Mycelium, a tubular cell: zoo- 
gonidia are formed in the sporangium which is thrown 
off as a conidium. 
Order 8. (?) Entomophthoreae. 
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IIL The mycelium consists of multicellular hyphsB. The presence of 
sexual organs has been ascertained in some members only. 

(a). Spores formed in the asci of a fructification. 
Order 9. Ascomycetes. 

(b). Reproductive cells formed by abstriction or hy simple cell-division. 
Order 10. UstiJaginesB. Reproductive cells of one kind only, 
formed by division of the hyphae. 

Order 11. UredinesB. The reproductive cells, which are usually 
of different kinds, are formed by abstriction or by cell- 
division at one point only of each basidium, partly 
in small fructifications (perhaps sexually produced) and 
partly on the mycelium. 

Order 12. Basidiomycetes. The reproductive cells, which are 
all of one kind, are formed by abstriction at different 
points on each basidium in asexual fructifications. 

1. The Schizomycetes are very minute organisms, of which little 
more than the outline can be detected ; they are therefore very easily 
confused with altogether different objects. 

The cells may be either isolated, and then 1>*=V Si^ 

spherical (Micrococcus, Fig. 84 a), or rod-like V x "" ^ 

(Bacterium, Fig. 84 b\ or united into filaments c ^W^ 

which may be straight (Bacillus) or spirally Fio. si — Scbteomycetes 

tvound (SpiriUum, Fig. 84 c). In Bacillus en- <^ ""^ « Microcoocua; b 

, ' o / Bacterium ; e SpiriUum. 

dogonidia are formed : certain cells of the fila- 
ments undergo divisions, and the cells thus formed are distinguished 
by their longer persistence, and their power of resisting injurious 
influences. Some forms produce colouring-matters in the course of 
their life (such as that causing the red colour of mouldy bread) ; 
others play a part in certain infectious diseases, such as Diphtheria, 
Cholera, Typhus, &c. 

2. Sacch/iromycetes, These Fungi occur in fermenting sub- 
stances. The mycelium consists of branched rows of oval cells, 
produced by successive budding : the cells separate very easily from 
each other. Endogonidia are produced in the cells under certain 
circumstances: they are four in number in each celL These Fungi 
have the power of converting the sugar contained in the substance 
upon which they live into alchohol and carbonic acid. 

Scuxharomyees eerevisuje, the ordinary yeast (Fig. 85), is only known in the 
cultivated state in which it is used in brewing, &c. S. ellipsoideus occurs in 
nature on the sur&ce of fruits, such as grapes, and causes the fermentation of 
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their juices arter the7 hiLTe been crashed. S. Myeaderma belongs to this group : 
it exists on the surface of fermented flui<Ia and canseB their further decompo- 

3. Zygomycetes. Of these, the most 
common and the most important are the 
epeciee of the genus Mucor, such as Mueor 
Mucedo, raeemoifus, gtoloni/er, which occur 
as mould on preserves, hread, &c. The 
Fio. M.-Growi>ig «iLi rf mycehi™ 18 much hranched, but consists 

Twat rsaediarmvea artiiila) only Of a Single CCll (Fig. 86 Hi) : it gTOWB 

'**° "^ in the substance and, when mature, throws 

np aerial branches. These become enlarged at their free ends, and by 
the cutting off of the enlargement by a curved partition, the spotan- 




Zygoopore (t) of Uuour. 



gium is formed, within which numerous endogonidia are formed (Fig, 
86 s). On germination, each eodogonidium gives rise to a new mycelium, 
which, in its turn, bears sporangia and endogonidia. Under certain cjr. 
cumstanees the mycelium bears zygoepopea (Fig. 87 2). Two branches 
of the mycelium come into contact at their free ends, and a cell is cut 
off in each by the formation of a septum : the two cells coalesce (con- 
jugate) to form a single cell, the zygospore : its cell-wall becomes much 
thickened. After a long period of quiescence it germinates, and it 
usually produces a single hypha bearing a sporangium quite similar to 
those borne by the ordinary mycelium. 

4, The Chytridiacete are among the lowest of the Phycomycetea. 
Some of them consist of a single spherical or oval cell, which itself 
becomes a sporangium, its protoplasm giving rise to a number of 
Mogonidia. When one of these zoogonidia comes to rest, it assume^ 
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the Bpherical form. These forms live in water either as saprophytes 
or as paiaaitee upon aquatic plants. The genus Synchytrium inclaJc's 
forma which are parasitic upon land-plants, such as Anemone and 
Taraxacum : in these the single cell gives rise to several sporangia. 

5. Myxomycetes. In the mode of development of their conidia 
these plants resemble the Zygomycetes, but in their structure they 
differ widely from all other Fungi In the vegetative condition 
they do not consist of cells or tissues, but they are simply masses of 
naked protoplasm, called plaemodia (Fig. 88 A), creeping from place 




oliiUltluni tp (SO) (aftar Bubs). 



to place on the substratum, which may be tan, earth, decayed 
leaves, &c. At the same time a rapid streaming may be observed 
in the protoplasm itself. When it is reproducing itself, the whole 
Plasmodium ia converted into sporangia, which are spherical bodies 
resembling the fructifications of TmfBes (Fig. 88 B) ; in these the 
conidia are formed. In some cases the whole of the contents of the 
sporangium are converted into conidia ; in others, a part of them go 
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to form the capillitiiun (Fig. 88 cp)y which is a network of filaments. 
On germination, the protoplasm of each conidium is set free, and 
either creeps about in an amoeboid maimer, or swims as a zoogonidium. 
These isolated masses of protoplasm unite in great numbers to form 
the large plasmodia. 

jEthalium septieum, the "flowers of tan," occurs in the form of yellow plas* 
modia, which may be several square inches in extent, on spent tan : it forms 
masses of sporangia which are yellow externally and dark brown internally. 

Trichia rubiformis, and Didymium serpula are smaller forms which arc 
commonly found in forests. The sporangia of the former aie brown oval bodies, 
from 2<3 mm. in length ; they occur in groups on leaves or among Moss. 

6. The Saprolegnieoe are aquatic Fungi. The branched unicellular 
mycelium forms a dense growth upon the dead bodies of small animals 
or on parts of plants which are in water. Correlated with their mode 
of life is the fact that the reproductive cells formed in their sporangia 
are zoogonidia. Sexual reproduction is effected not by conjugation 
but by fertilisation. The organs are of two kinds : there are 
oogonia, which are spherical cells each containing several oospheres, 
and there are antheridia from which protuberances are developed 
which enter the oogonia and effect the fertilisation of the oospheres. 
The resulting oospores germinate after a period of quiescence and 
develope either sporangia or a mycelium bearing sporangia. 

7. The Peronosporece are parasitic upon other 
plants. The unicellular mycehum permeates the 
intercellular spaces of their tissues and absorbs 
nourishment by means of special organs from 
the neighbouring cells. Sporangia are formed 
on certain branches which usually project 
through the stomata of the host (Fig. 89) : 
these are thrown off entire and are therefore 
usually spoken of as conidia. If they fall into 
a drop of water zoogonidia are formed within 
them which are set free : when these come to 
Fio. 89.-Hypiia of PAy- p^st they attach themselves to the cuticle of 

tophthora infegtang "bearing ,, . , \ . . , i , j t i 

gporangia projecting from their host, bccome mvcstcd by a delicate mem- 
a stoma («) of the leaf of brane, and then germinate. In some no forma- 

the Potato ; e the spor- ,, „ • t . i i xi 

angia(i60). tiou of zoogonidia takcs place, the sporangium 

itself developing a mycelium. In the forms in which sexual 
reproduction is known, the antheridium applies itself to the 
oogonium, and the oosphere contained in the latter becomes fertilised 
and is converted into an oospore. The germination of the oospore 
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takes place after a long period of quiescence ; usually swarm-spores are 
formed within it. 

In the genus Peronospora, which is represented by many sjiecies (P. parasitica 
on Capsella, P, nivea on Umbelliferee, &c.), only one sporangium is borne by each 
branch of the hypha which protrudes through a stoma. In Phytophthora the 
sporangia are displaced laterally by branches which arise from the hyphae bearing 
the sporangia, at their points of origin. To this genus belongs P, infestans which 
produces the potato disease. The tissues of the host undergo decomposition in 
the infected parts and turn black : the mycelium of the Fungus extends from the 
circumference of these spots, and throws up hyphse bearing sporangia through the 
stomata (Fig. 89). The zoogonidia developed in the sporangia of the parasite find 
their way to healthy plants : they also penetrate through the soil to the tubers, 
and the mycelium which is developed from them extends into the young potato- 
plant which grows from the tuber. No sexual reproductive organs have been 
observed in this Fungus as yet. PhytopWwra Fagi infects and destroys the 
seedlings of the Beech. In Cystopus {C. candidus on Capsella and other Crucifers, 
C. cubicus on Compositse) hyphfie bearing sporangia are formed in great numbers 
close together under the epidermis and cause its rupture : each hypha bears a 
number of sporangia. 

8. The EntomophthorecB are parasitic upon Insects. Empma 
MuiSccBj for instance, infests house-flies more especially in the autumn. 
The sporangia are formed by abstriction from cells which protrude 
from the body of the fly. Within them endogonidia are formed 
which are projected against the under-surface of the bodies of living 
flies, the only part at which penetration is possible. In other 
species resting-spores have been detected which are possibly of sexual 
origin. 

9. The Ascomycetes have a mycelium consisting of multicellular 
hyphsB on which a fructification is formed (ascertained with regard to 
some and hardly to be doubted with regard to the others) in con- 
sequence of fertilisation. The formation of the ascospores takes place 
within certain cells of the fructification called asci. Free cell-forma- 
tion takes place within them, usually eight spores being formed. Each 
of these surrounds itseK with a proper cell-wall (v. Fig. 39) ; some- 
times they undergo division. They are usually extruded from the 
asci. Fertilisation may take place in two ways. In the one, two 
contiguous branches of the mycelium become intimately connected, 
of these one, which is usually the larger, is the female organ, it is 
frequently spirally rolled and is designated as the ascogonium (Fig. 90 
B and G as) ; the other smaller one, which attaches itself to the asco- 
gonium is the male organ, the pollinodium (Fig. 90 B and G p). In 
the other way, the female branch of the mycelium is spirally wound 
and ends in a projecting filament quite similar to the trichogyne of the 
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FlorideiB, (see page 112) to which the apennatk become attached. The 
tpermatia are small cells, incapable of Bpontaneoua motion, formed by 




Fia 9».—Santi>a»rtpe*t. J, A portloii of tba mfceUain with hyidw (c) bearing couldia; 
^fl conldlA have alnady faHon off from tbo slerlgniata id); at, a you: 
B. Agcogonlum (fu) witli s poUiuodlum (p). C. Another with hn>hn growl 
ia oD tbo ejiterloT. S, F. Sectlonii of unripe h 



3. A ripe Bp«e (nugalfled) (after Baoha). 



abstriction in special receptacles known as the epermogonia (v. ag. 
Fig. 99). Whilst the fertOised asw^onium developea and finally 
produces the asci (which are often arranged in a special layer called 
the hyTnmium, in which they are mingled with sterile filaments, the 
paraphyaes) the suirounding cells grow to fonn an investment whidi 
wholly or partly encloses the product of fertilisation and with these 
constitutes the fructification. 

The mycelium also bears asexual reproductive cells, which are 
termed conidia or etylogmiidia, because they are formed singly or in 
TOWS by abstriction from certain branches of the mycelium the eterig- 
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maia (Fig. 90 Ay 8t)» Many of the commonest fonns of mould are 
the conidia-bearmg forms of Ascomycetes which bear sexual organs 
and fructification only under exceptional conditions. Besides these, 
in many Ascomycetes conidia are formed by abstriction in special 
receptacles known as pycnidia. 

The following classification of the Ascomycetes is only provisional. 
A great number of them, characterised by a peculiar mode of existence, 
were formerly regarded as a distinct class and known as Lichens ; and 
as it is not possible at present to ascertain which forms among 
the other Ascomycetes are allied to them, the Lichens will be 
considered separately last of all. The Ascomycetes proper are 
commonly divided into four groups. 

(a) UrysiphecB or Mildews. The fructification has no hymenium : 
the asci are distributed apparently without order in every direction 
and are often few in nimiber ; the fructification, the wall of which 
often has characteristic filamentous appendages, opens by irregular 
rupture ; or in some cases not at all, so that the spores are only 
liberated by its decay. 

Species of the genus Erysiplu and allied genera live on the surface of many 
plants, as the leaves of the Rose, the Hop and others, and form a delicate white 
film known as mildew. The hyphse of the 
mycelium throw out minute processes as 
suckers. The fructifications are visible to 
the naked eye as blackish specks. The 
conidia-bearing form of an Erysiphe of which 
the fructification is as yet unknown, which 
has been provisionally named Oidium 
Tiickeri, lives on the leaves and young fruit 
of the grape-vine, causing the well-known 
vine disease. 

To this division belongs a not uncommon 
mould, Eurotium AspergiU%c8 (Fig. 90) : in 
this form the conidia are abstricted in rows 
on a spherical swelling of the fertile hypha 
which bears the sterigmata. The commonest 
mould is PeniciUium glattcum, but it is 
doubtful whether it belongs to this group. Fra 91.— Peittle hjpha of PenieUHvm 
It bears tufts of branched hyph» on which «<^^»»- • The rows of conidia; m part 
., .J. - J . /T^. «,v of a hypha of the mycelium (160). 

the conidia are formed in rows (Fig. 91). 

In this stage it occurs as a greenish grey film covering the substratum on which it 
grows, such as moist damp substances and fluids of all kmds. The fructification, 
only lately discovered, is as large as a pin's head and consists of a mass of pseudop 
parenchymatous tissue which is traversed and absorbed by the ascogenous hyphss 
with the exception of the most external layer which remains as a wall. 
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(bj The Tubemcece or TniiBes, have an underground, more or less 
epherical fiuctification, in which the hj'menia bearing the asci line the 
surface of labyrinthine passages through the ma^. The sexual 
organs and any other organs of reproduction are not known. 

Tuber reativum, Irumale and other speoiea are eatable and are known as Tnifflea j 
Elaphomycea granulatiis, about the size of a waJnat, is not rare. 

(c) Pyrenomycetes. The hymenium lineB the inner surface of flask 
shaped or spherical receptacles, the ^erithecia (Fig. 92 C, cp) which 
open at the apes. These perithecia occurs singly or in great numbers 
on a peculiarly constructed body the stroma. 







-Clajncept purpurea. A. ABclerotlum (c)(x 
, ; cp the peritbecU. C A peritfaedum laor 
ie flJoDgated apoiu itp) ara eacai^g (SachA)^ 



Among the fdmple forma with solitary perithecia most be mentioned the 
f^nera Sphaeria and Sphaerella, many species of which appear on dead leareB as 
block spots ; Caloephaena, which forms its long slender perithecia in groups on 
the wood and bark of cheny-treea ; Pleospora and Fumago of which the mycelinm 
and conidia constitute the black film known as Smat which occurs oo various 
parts of plants. 

Id the compound farms, those, that is, which have a stroma, the stroma 
forms warty incrustations or patches ol irregular outline, which have a puno- 
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tnited ippearBince nwing to the niimerona openinga of the perithecia ; Diatr}/pe 
ditei/ariait which forms block warts as large as pens, beloii)!H to this group, 
it is very common on dead boughs ; ako Nectria citiiuibarina which has a 
bright red stroma, and occurs on many kinds of dead wood ; Nictria dUitainxa 
causes » diseaw on the branches of Beech-trees. Id other esses the stroms 
developes into an upright club-shaped or branched tufted body like the stromata 
of Xjlaria, fur instance, which occur very frequently on the trunks of trers ; 
the cooidia ofteii appear as a mealy dust on the upper pottioo. Claviccpt 
furpurea, known as Ergot, or officiually as Secale comutuin, also Itelonga here. 
The mycelium of this fangus cavers the young ovsriea of the Bye or other ceienls 
which it attacks and bears conidia which are imbedded in a mucilaginous 
(Qtslance, forming what is known as Honey-dew. By means of these, other 
plants msy become infected. lu course of time the fundus pervades the whole 
tissue of the ovary and after it has destroyed it, it forma a lianl niasa of tissue of 
about 1-2 centimetres in length and of a dark violet hue, the sclerolium, which 
is known as E[^t This sclerotium, after it liaa fallou to the ground, gives rise 
in the following year to s few stromata which resemble little kuobs borne on 
stalks (Fig. 92 A), and the perithecia, whith are very numerous, are imbedded in 
the tissue at the surface (Fig. 92 B cp). The asco3[>oros which are developed in 
these lind their way to young Rye plsnts, and theii mycelium, penetrating through 
the leaf-sheatbs, extends to the Hower where again the Honey-dew is formed. 
The various species of Cordycepa infect the larvae of insects. 

(d.) The Dincomijcetes differ from the preceding only in that the 
hymenium covers the surface of the discoid or oup-eliaped fructification, 
the apotkecium (Fig. 93 A). 

1. ThePAocii^iiEoaEgrowupon various 
parts of plants, to which the small 
black fructiGcation is closely attached. 
Shytitma aceriaum appears in the form 
of round dark spota on the leaves of 
the Haple. The mycelium is probably 
parasitic, but the development of the 
fructification docs not take place until 
after the leaves have fallen. The same 
is the case wiASyalerium aeniisequium, 




- LoDKitiidiual i 



which inhabits the leaves of the Silver 



(attor anclm). 



Fir, with S. niaavaponi/m, which ii 
habits those of the Spruce, and with ff. PiJuiMri, which inhabits those of the 
Pine. They cause the leaves to turn blown and to fall off. The fructifications are 
somewhat elongated, and cause the rupture of the epidermis. 

2 . The PexiatKoe have fleshy or waxy cup-siiapcd fructifications. They grow 
npon different substrata, Ascobolus upon dung, some species of Peziza upon 
earth, others upon parts of plants fP. H'it!i:(nn7iii causes the so-called cancer of 
the stems of the Larch), Bulgaria, with a gelatinous orbicular fmctiGcation, upon 
dead branches. 

3. The Helvetlacea have usually club-shaped fructificationB, the smooth or 
reticulate surface of which is covered by the hymenium. To this group belong 
the (eacolent) species of the genus Morchello, the Morell, Helvella, io, 
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The Lichens were formerly legaided as a distinct clasa ; but recent 

iuveat^tions have shown that they are Aacomyoetes belonging to the 

Pyteuomycetes and Discomycetea which are parasitic, on AlgB. These 

Algx are enclosed in the thallus of the Lichen and were formerly termed 

^_ _^ gontdia (Fig. 94 g). The 



either solitary 
Bpbencal green cells belong- 
1 the FalmellaceEe 
(Algie) ; or they are cellular 
filaments : if they are of a 
red colour they belong to 
the genus Chroolepus, if of 
a bluish^reen they belong 
to the genus Nostoc oi to 
some other genus of the 
Fhycochromaceie. They 
may be either irr^ularly 
distnbuted throi^hout the 
thallus, when it is said to 
be kommomerotis, or they 
may be amused in definite 
layers in the mycelium, 
when the thallus is said to 

■UT(ac8 : m network of byplw formlDg the raeduUir; The Ol^aUS of reptOdUUtlOU 
luyer; t gooldla : r nxrtrlike outgrowth* (fhldni*) ot heloniT entirely tO tho 
llwuiid«eurfftce(aftor8»che). -„ , , 

Fungus, and the spores 
are produced in ascL The asci in some cases form a layer on the sur- 
face of certain cup-shaped receptacles called apothecia (in the Discomy- 
cetes) ; in others they are enclosed in peiithecia (Pyrenomycetes) 
(Angiocarpous and Gymnooarpoua Lichens.) In these, as in other 
Aacomycet«s, spermogonia occur : in the Lichens they are probably to 
be regarded as male organs in which spermatia are formed by abstric- 
tion. The spermatia are conveyed by water to the female organ, the 
trichogyne, which has been already mentioned (page 121) and the 
result of fertilisation is the development of an apothecium from the 
basal part of the female oi^n (ascogonium) which is imbedded in the 
thallus. Lichens ore also reproduced by means of eoredia ; these are 
small groups of gontdia invested by hyphte, which are set free from 
from the thallus and grow into a new individual (Fig. 95). 
Lichens grow on trees, rocks, walls, and on the earth amongst 
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Mosses : they may become completely dried up without having their 
vitality destroyed. 

According to the form and 
texture of the thallus, Lichens 
may be arranged in the four 
following groupa. 

1. Fndicote Lichens. The 
thallus grows erect in a ehrab- 
like manner: its internal struc- 
ture is the same in all parts, 
that is, there is no distinction 
of an upper and an under 
Buifaoe : the gonidial layer 
usually forms a hollow 
cylinder. 

To this group belong the Tarious ___ 
species of Usnaa {Fig. 96 A), and m^ (titer Suha). 
tUied genera with a cylindrical 
tluiUus which grow on trees. Raxtlla tindoria, grows on rocks in 
regions bordering on the Mediterranean ; from it and other allied Lichens 




Fio. gs.-J-O. Sondlaor Canu torMlo. A. 
A ilmplc uraiUuiii. conrigtlng of % ganldlum 
cOTsnd with a web ot hTphn, B. A ■andtum, la 
which the gonldlum hu multlpllfi'l by dlTMon. 
C. A group of simple aondia, neulliug fn>m the 
penetntioD of the hT&m tntoeen Uie gouldU. 
2>, Jf, Germfiutiiig aoHdU : the hjiplue an fgnnlnc 
apex of growth, and the goDldla aie mulUplj- 




litmns is prepared. Bsmalina and ETemia, nith a ribbon-shaped flattened 
thtUus, occur on trees and woodeo fences ; Cetraria ittandiea, is the 
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Icekad Hosa, which forma a macila^nons fluid when boiled with water. 
Anaplyekia, dliaris which resembles the foliaceous Lichens, with a flattened 
thallus, is common on the trunks of treea. Cladonia, has a aeeij decumbent 
tballus from which erect branches spring hearing the apothecia ; Cladonia 
fimbriata ia colddiod ; Cladonia ramgiferiaa, the Retn-deer Moss, occurs on 
moors : Sphierophoms has the same external appearance hut it is pyreuocarpous. 

2. FoUaeeous LichenJi. The thallus is flattened and adheres to 
the aubstratum : the green (rarely bluish-green) gonidia form a single 
layer heneath the upper surface (Fig. 94). The mai^in of the thallus 
is usually lobed. 

Paratdia parielina occurs with its bright yellow fertile thallna on tree-truuka 
and walls, together with other species oC a grey colour. Slit^ pultiumacea (Fig. 
96 B), has a reticulated yellowish thallna, and grows on tree-trunks. Peltigera 
is represented by several aperies which grow on moaay banks in woods : the 
apotbecia are bonie on the marj^n of the lobes of the thallus. Umbilicaria and 
Gyrophora, of a dark colour, grow on siliceous rocks. Endocarpon haa a grey 
thallus with numerous small perithecia. which appear as black dots : it grows on 

3. CruMaeeotis Lichens. The thallus is usually indefinite in outline 
and can often be scarcely distinguished from the substratum, the 
fructification alone being conspicuous. 

The numerous species and genera are classified accordii^ to the size and form 
of the spores and to the stmctnre of the thicttlicatioD. 

(a.) DiKoearpi : the apothecinm U 
surrounded by an outgrowth of the 
thallus, and in the Lecanoreie it is at 
first entirely enclosed by it, e.g., 
Zecanora avh/usea common on the 
tmnks of trees : in the Lecideaceie it 
is surrounded by a ridge but is never 
enclosed ; to this group belong the 
common Buellia paraiema, occurring 
on tree.tronks, Bkisocarpon geographi- 
cum, which forms bright yellow in- 
crustations of often enormous extent 
on silicious rocks. The apothecia are 
irregular, sometimes linear in form 
(Fig. 87 A B) among the Graphides, 
the gonidia of which are the red 
cells of Chroolepus : OrajAis scripta 
is common ou the trunks of Beeches. 
The small Calicioese, whichare common 
i and B, on bark, on wooden fences, &c , have 
B. aUghUy ffl^frniflad. C. gt^^ed apothecia, SB also the Ikiomy- 
i, sUgbUj magnifled (after , .,[ , ■, . „ 

Bgjlig^ cea? (without any ndge) : Bcarmycea 

rtmus is common ou sandy soil. 
(bj. P:jrsRocaTpi, The perithecia are imbedded in outgrowths of the thsUna 
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either liiigl; or teveral together ss (Fig. 07 Clin Pertosarift: they prqjeet from the- 
thallns and are provided with a special black inveBtment in the Verrncariee. 

Many spaoiea of crastaceous Lichens inhabit the liighaat peata of the Alps on 
which no other vegetation is to be seen, aud the; contribute materially to the 
weathering of the rocks. When they grow on the trunks of trees, they occnr 
more especially upon those which have a smooth sarface : the formation of bark 
interferea with theii growth. 

4. Homoiomeroue Lichens. The goaidia belong to the Phyco- 
chromaceee: the thallus ie usoally lobed, 
of a dark colour, more or leas gelatinous, 
Bometimeg filamentous. 

The latter is the cage in Ephebe, which consists ' 
essentially of a filamentous Alga (Siroaiphon) 
surrounded by hyphffi. Collema is gelatinous 
(Fig. 98) ; it grows on moist earth aud on rocks. 

10. The Uefilaginem are parasitic in the fio. as,— a gBiatmoui 
tissues o£ the higher plants. They have ^'™' p^J™"^ "W>"t "^*- 

fled (after Bicha). 

spores of one kind only, which are formed 

by division of the hyphffl, and which are usually of a black colour. 
These spores occur in great numbers in those parts of the host, 
usually the reproductive organs, which are permeated by the mycelium. 
Several species infest our Cereals, and the seeds become filled with 
spores. These spores germinate at the same time as the sound seeds, 
and the mycelium penetrates the young plants and 'extends into the 
flowers, where a fresh formation of spores takes place. 

The most important and the most common species are UstUago Oarbo, 
which especially attacks Oats, but other Cereals and Grasses as well : U. 
Maidis, which produces large tnmours in the Maije, Elled with spores ; U. 
DOnUta, which fructifies in the leaves and haulms of the Kya : Tiltelia caries the 
smat of Wheat ; this is dangerous because the grains filled with sporesTemain 
closed aud are therefore harvested with the soatid ones. Many other species and 
genera infest wild plants. 

11. The Uredinece or Busts are also parasites: their mycelium 
inhabits the cells of various kinds of plants and usually hears several 
kinds of reproductive cells. In most of them, small fructifications, 
termed cecidia, are borne by the mycelium, formed probably in' 
consequence of the fertilisation of female organs by spermatia {Fig. 
99 /, a and A). They project from tbe surface of the infested plant 
as small cups ; the interior is covered towards the base by a layer of 
basidia on each of which there is a row of spores, generally of a red 
colour, which have been formed by abatriction ; the investment of the 
fructification is formed by the peripheral tows of spores, which are 
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sterile and which have become coherent. Besides these ncidia, and 
generally associated with them, are found apermogonia (Fig. 99 I sjp) in 




^ Fig. 99. — Puteinia graminU. f. Tmovrotva ■B<TtlQa of a leaf of BerberlA, with »cld!H (a) : 
p, tha wall of tha scidia ; u, lowers 9, upper aiirfaoa of tJw laif which has beoomo thiokenad 
■I H y In coDflequence of the preeaDce of the paraalte ; on the opper aurface are aparmogonia 
(ap> A. A young Bddluai wMi^ baa not yet bunt //■ lAyer of teleutaapana (I) on the 
leaf oT Triliotn rtpfiui t, Ita aptdermlA. TIL PArt of a layer of lu^loflporea on tlje ttaao 
plant ; ur, the undoaporea : 1, a taleutoapon (after 8achg> 

which the spermatia are developed ; in addition to these — but generally 
at a different season of the year — two other forms of leproduotive 
dills occur, which are atstricted from their basidia singly and not in 
TOWS, and the basidia bearing them do not form a definite hymenial 
layer, but irregular groups, which break thtough the epideimis of the 
host. These cells are, firstly, the uredospores or " summer-spores " 
(formerly r^;arded as a. distinct genos and called Uredo Fig^ 99 
III ttr) ; they are always one-celled, usually of a red colour, and 
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they germinate without any period of quiescence, by the protrusion 
of an ordinary mycelial hypha : by means of these the parasite is 
conveyed to other individuals on which in a few days it produces 
fresh spores. Secondly, there are teleutosporea or " winter-spores," 
which are mostly black and often many-celled (Fig. 99 III t and //); 
they are formed in many species only in the autumn, and persist 
during the winter, germinating subsequently in a peculiar manner. 
The hypha produced from the spore, the promycelium^ divides into 
four cells, from each of which a minute cell, called a sporidium^ is 
abstricted, which finds its way to a host. These various forms of 
spores usually alternate; thus the mycelium developed from the 
flBcidio-spores produces uredospores, and the mycelium that proceeds 
from these (often after a few uredospore-bearing generations have 
intervened) produces teleutospores ; from these sporidia are developed, 
which, when they germinate, give rise to a mycelium producing 
secidia. In many species hetercRcism takes place, that is, that this 
variety of form of the reproductive cells is connected with a change of 
hosts. All species, however, have not so great a variety of spore-forms. 
Some UredineaB are known in which sBcidiospores produce secidia, and 
the same is true of teleutospores. In other cases there are grounds for 
assuming that their life-history is at present but imperfectly known. 
They fall into the following natural subdivisions : 

I. Pucdniea, The teleutospores are one ormore-celled on solitary free stalks ; 
fficidia and uredospores are also commonly found. To the genus Puccinia, with 
a two-celled teleutospore, belongs Pticcinia graminis (Fig. 99), the Rust of Wheat ; 
the uredospores (formerly called Uredo linearis) form red streaks on the leaves 
and haulms of cereals and grasses ; in the autumn, the teleutospores appear in 
similar streaks, but they are black ; these germinate in the following spring 
exclusively on the leaves of Berberis where the secidia appear in red swollen 
patches (formerly known as uEcidium Berheridis) ; the ^ecidiospores are conveyed 
to Grasses and there give rise to a mycelium with uredospores, the Rust. The 
same processes take place in P, straminis, the secidia of which are formed on 
Borages ; and P. coroncUa, the secidia of which are formed on Rhamnus. These 
three forms of Rust cannot grow on Grasses unless their aecidia have been pre- 
viously produced in the spring ; hence their appearance depends on the presence 
of plants which are suitable for the development of the aecidia. Of P. Malva- 
ceamrriy only the teleutospores are known ; they are constantly reproduced from 
the mycelium which they form, so that no alternation occurs. P. Compositarunk 
has different kinds of spores, all produced on the same species of plant. 
Uromyces differs from Puccinia only in having one-celled teleutospores ; U. Beta is 
the Rust which grows on the Beetroot ; to this genus the secidium may probably 
be referred which is formed in the leaves of JSuphorhia Cyparissias (probably to 
27. Pisi, the rust of the Papilionacese, or to 27. scuUllatus^ that of the Euphor- 
bia), and causes a conspicuous enlargement of them. The secidium-mycelium 
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is perennial in the rhizome of the Spnrpfe. Phragmidium, with many-celled 
teleutospores, is common on the leaves of the Rose, Blackberry, and others. 

11. OymnosporangiecB. The teleutospores are two-celled, on stalks which are 
united into a gelatinous mass ; the mycelium which bears them is perennial in 
the branches of some Ooniferse, particularly the species of Juniper ; teleutospores 
are formed in the spring and germinate on the leaves of Pomaceae, on which the 
large secidia, which open in a peculiar manner, are found in summer. OymnO' 
sporangium fuscvm. occurs t)n Juniperus Sabina, the scidia (known as Roestelia 
cancellata) on the leaves of Pears : O. clavariaeforme on Juniperus communiSf 
the secidia (Roestelia lacercUa and penidllata) on the leaves of Apples and Haw- 
thorns : O. conicum on J, communis, and the secidia (R. comuta) on the 
Mountain Ash. 

III. Melampsorece. The tele'itospores are many-celled, and are united together 
into a firm palisade-like layer ; the secidia are for the most part unknown, but 
the uredosporcs of many forms have been found. Melampsora has black layers 
of teleutospores ; M. salicina, populinij Lini attack the plants whose names they 
bear. Calyptospora Ooppertiana occasions conspicuous swellings on the stems of 
Vacdnium Vitis idcea. Chrysomyxa Abietis, with gold-coloured teleutospores, 
appears at the end of April on the second years' leaves of Spruces, and, as they ger- 
minate, they infect the young leaves. Coleosporium, likewise with gold-coloured 
teleutospores, grows on many herbaceous plants. jEddium Pini forms a peren- 
nial mycelium in the leaves and bark of Pine-trees, and bears in the spring its 
fiBcidia, which have a white investment ; it belongs to Coleosponom SenedoniSy a 
common species, which bears uredospores in the summer and teleutospores in the 
autumn, on Senedo sylvaticus, Th6 innoculation of Pines can only be effected by 
means of the teleutospores formed on Senecio. 

IV. The Endophylleoi bear only secidia which reproduce themselves without the 
intervention of any other form of spore. Endophyllum Sempervivi grows on the 
leaves of the House-leek. 

V. Imperfedly-knoum uEddia which do not directly reproduce themselves and 
must therefore possess teleutospores : the relations of these are not as yet known. 
To these belong uEddium elatinum, which inhabits the cortex of the Silver Fir, 
and causes large crab-like excrescences, as well as the monstrous growth of twigs, 
known as ** Witches-brooms," on the leaves of which the secidia appear, ^c, 
Ahietinum occurs on the leaves of the Spruce in mountainous districts. jEc, strobi- 
linuMf on the scales of Spruce-cones. Caecoma is also regarded as an secidium ; 
the hymenial layer is not inclosed by any investment. C. pinitorquum grows on 
the branches of young Pines, often on one side only, so that they become bent. 

12. Basidiomycetes, To this group belong most of the larger Fungi 
commonly known as Mushrooms and Toadstools. The mycelium 
consists of delicate white strands of hyphae which pervade the sub- 
stratum upon which it grows, and the part which is usually recognised 
OS the Fungus is the fructification, that is, the organ which produces 
the spores. It was formerly thought that this fructification was 
formed, as in the Ascomycetes, as the result of a process of fertilisa- 
tion taking place- in the mycelium ; but most careful investigation has 
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&i1ed to detect any trace of a sexual process; the fructification is simply 

formed by the outgrowth of certain parts of the roycelium. In viev 

of the high oi^nlsation 

of these Fungi, it may 

be Teasonahly assumed 

that sexuality has here 

gradually disappeared. 

The spores are formed 
in or upon the fructifi- 
cation on cells termed 
basidia, which together 
form the hymenium; the 
basidium (Fig. 100 C) 
usually bears at its sum- 
mit four small, slender 
processes, aterigmata, 
from each of which a 
spore is ahstricted. 

(a.)Th%Treme.lUaeiB, 
or gelatinous Fungi, 
have basidia resembling 
in form the promyce- 
lium of the Uredineie. 
The fructification is soft 
and mucilaginous ; itj 
surface is covered by 
the hymenium which, 
at the time of the forma- 
tion of the spores, looks ^^^ 

aa though powdered Uie plleui, sbowios the lozaollia, I. B. A BiniUar ae 

with white dust. ^^J^uT^uLa^ '°'^^ ' ''a'T^ rtC^f"u 

Tremeila ftitMnUriea. ■«'f'"' n">" '^"r magniftsd (6M); «, joung baal 
With irregularly furrowed JT'^^'^ld^K 
fnietiecstion ; Exiiia {Jior&!lb>™ 
AitrieuXa Jvda, a spongy 

Fnugoa groip ing on the Elder with a brownish frnctiGcation samewhat raumbling 
the shell of au ear, and others, are not rare on rotten wood. 

(h,) Hymenomyeetea. The structure of the baaidia is similar to that 
above described ; the fructification bears the hymenium on its upper 
surface which is very various in form ; the very numerous forms are 
ftccordiugly subdivided into : 




" tlia sporea luve Uliea off 
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1. TheUpAorem; the gnrface bearing the b^nnenium is extended over the 
substratum as a cmst, or else forms the emootb under anrface of a hat-ahaped fnic- 
tiGcation. The Biioplest form is Exobaaidium Vacdnii which U puBsitic on the 
leaves of the Ked Wbortlebetry and very commonly coveia them with s whitish 
cmst. Corticinm forms cruats on the batk of trees : Stereum has a hat-shaped 
RmctificstioB which, when seen from abore, beais some resemblance to varions 
■pedes of PoljponiB bat it has a unooth hjmenisl snrface ; it is commtm on 
tni^iks of trees, palings, kc 

2. ClavarUtc The hymeninm clothes the smooth surface of the fnictificstiou 
which is cyliQdri<A), ac ctab-ahaped and often branched. The genus Clavaria 
has many species ; C. fiava haa a sulphur-yeUow coral-like fmctificiition which is 
edible (Fig. 101 A). 




jcu VI CSanLfiM Jlattl (sat. llu). J. Fmctlflcativu ui nymtuwi twumm- 

. , ... r -I Koilei ol tbe upper sniface <i nat Ein> C. LoDglludtaiiil •MtlOQ 

through khe fnictiB«tiDn al * FoljpiirDs ; ji. the tubea ctoth»d vlth the b^mauluiii : tha 
tubes show m thp under hulHCe u poreft (j lut. feiie). 

3. Sydnete. The hymeninm covers pricklj projections of the fnctification 
which is either a crast, or is hat-shaped, and is either attached IstMally or gt«lked. 
Sydnuvi intbricatitm is eataUe : other species have a fleshy pilens with s central 
stipe (Fig. 101 B). 

i. Palyperere. The Iiymeuium clothes the inner stnface of tnbes, whicli are 
either free or more often connected into a layer which covers a portion of the 
fractification. The fmctUication of Polypoms and Trametes is Hcnerally attached 
laterally and often of a horseshae shape (Fig. 101 C). P. fomentaritu is used ia 
the preparation of what is known in England as German tinder ; P. offiMnala ia 
used in medicine as Fundus LarUria ; the mycelium of TrameUa Pmi attacks the 
heartwDoil of Pioee and makes them decay ; T. rediciferia occurs in the roots 
and lower part of the trunk of Sjirucea and Pines, causing their deatractioii. 
Daedalea occurs on old oaks ; its tubes anastomose and form a labyrinth. The 
mycelium of Mendiat laerimans penetrates the timbers of honaes and canspB 
them to decay (Dry Bot). Boletna has a fleshf stalked pilena from which tira' 
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hymenial htjtt may be easily separated. BoUbiM tdvXU uid wafer an ediblv ; 
B. Solatia* and others are poisonoua, 

C. AgariciiuK. The byinaiiium clothes i^Mdal iBmeUiform outgrowths of the 
fractiGcatioD which commonly aasnmes the form of a stalked or eeesUe pileus. 
The stalked forma are either naked from the firet, or they are enclosed at an early 
etage in an investment which Temaina after the fall development of the fructifica- 
tion as an appendage of one form or another. An investment which at first 
snrronnda the whole pileoa and atipe, and, at maturity, surrounds the base of 
the stipe like a sheath, as 
in AmanibkiiacalledawIuM Jf ^\.i 
univertaU {Fig, 102 A B«): 
while a velnm partial* only 
covers the under anrface of 
the pilens where the la- 
meUa are borne, and when 
this U fully developed, it is 
represented only by frag- 
ments hangiag tmra the 
margin or forming a ring 
round the atipe (Fig. 102 
C a), e-g., Agarieut eom- 
pttirit and praxnu ; in the 
Fly-toaditooU Amaiula mu*- 
carUa, both kinda of velum 
are present together. Be- 
sides these conspicuous 
nharact«rs the colour of the 
spores is also of importance 
for distinguishing the species ; this is easily discovered by laying the fructifi- 
eation on white or black paper, which becomes covered with the spores which 
fall out very readily. 

The great genua Agaricua (the laroel]at«d Fungi) haa lately been aabdivided into 
several genera. In Coprinns the fructification very soon undergoes disintegration 
forming a black shiny fluid ; I^ctarina contains milky juice (latez). In 
Csntharellua the lamella are prolonged down the stipe. Of edible species the 
following may be named ; CanthaTellai dbariia, Za^iariva ddidogia, Agarictu 
eampestrU, ihe Unshroom, A. procervs, distinguished by a moveable ring, and 
A, Caaartas : the poisonous species are Latituriut Umrd-Mmi and Aga/rvatt or 
Amwnita muxariua. A. melUta has a peculiar mycelium, matted into strong 
shining black coids, formerly regarded as the genus Rhizomorpha, which lives in 
the bark of trees and kills yonng Conifers, particularly Spruces and Pines ; it gives 
off sabterranean branches wbtcb attack the roots. 

The frucliGcation of other species is of a bard leathery or woody conaistency ; 
these live commonly on old wood ; such are Panus, with a small plens mounted 
on an eccentric stipe ; Lenzitea, where the pOeus is lateral and sessile ; Manismins 
the elegant pilei of which are often seen on the leaves of Conifers which have 
ftllen o£ 

(e.) Oadromi/ceteg. In tbese, M the name suggests, the hymeniuiu 



Fro. 102.^^ EarifitagBlni 
llcatiOD of Agaritia vaginaliu : v the valum 
tlisitipe: ^tthepUeua: 1 the lamellK. a A.. 
stage; « the ruptured velum. CAffaricutmdtt 

ring toraed bj the vdum partiale (J 
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is enclosed within the fructification, the internal tissue of which forms 
numerous cavities or chambers, the dividing walls being known as the 
trama ; the hymenium clothes these cavities, being attached to the 
trama. When the fractification is ripe, great changes commonly take 
place in this internal tissue; the external wall (peridmm) usually 
consists of two layers. This group is subdivided as follows according 
to the modifications undergone by the internal tissue and the character 
of the peridium : 

1. The ffi/menogastrece in which the chambers and hymenium are persistent ; 
these are trufflle-like underground Fungi. 

2. LyeoperdaeecB (Puff-balls) ; only a few strong threads of the internal trama 
remain, forming the capillitiumf "with, the isolated spores between them. In 
Lycoperdon the outer peridium scales off, the inner splits open at the top, and the 
spores escape as a cloud of dust. In Geaster the outer peridium splits in a star- 
shaped manner and rolls back ; the inner opens by a hole at the summit. 

3. TJie NidiUarieoe have a vase-shaped fructification within which the chambers 
become isolated, forming small hard bodies. Crucibulum and Cyathus are not 
rare on rotten wood. 

4. The PhalloideoB, The peridium consists of three layers, and after they are 
ruptured the whole internal tissue is elevated on a stalk and becomes an ill 
smelling mucilaginous mass containing the spores. PhalltLa i/mpudicus is 
poisonous and occurs among brushwood. 



GKOUP II. 

MUSCINE^ 



In this group we find a sharply defined alternation of generations 
which, in certain points, agrees with that of the following group ; a 
sexual generation, that is one which produces sexual organs, alternates 
with an asexual generation which produces only spores. The germi- 
nating spore gives rise to the sexual generation (oophore), the Moss- 
plant, in some cases directly, but in most cases after the formation of 
a filamentous growth, the protonema. This generation is morphologically 
differentiated into members; in the lower forms it is a thallus, but in the 
higher it consists of stem and leaves, and is capable of repeatedly deve- 
loping sexual organs. From each fertilised oosphere an individual of the 
asexual' generation is developed, which continues to be superficially 
connected with the original Moss-plant, and assumes the form of a 
stalked capsule, which is commonly known as the fruit of the Moss ; 
this body forms spores, without any ramification or repetition, and its 
vital activity ceases with the ripening of the spores (sporophore). 



^IM!!^ 
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Since Mosses hare r dialinct stem and leaves, but no true roots nor 
voacuJar tiBSue, this group takes the lowest rank among the Cormo- 
phytes. 

The male oigans, as in all the higher 
Cryptogams, are called Anfheridia, the 
female, Archegonia. 

The antheridia are spherical, ovate, or 
cluhflhaped bodies, with long or short stalks 
(Fig. 103) ; their external layer of cells 
forms a sack-like wall, while in each of the 
internal cells, which are small and very 
numerous, an antheroKoid is developed. 
The wall ruptures at its apex when it is 
moistened, and the mother-cells of the 
antherozoids are set free ; they subsequently 
discharge their contents. The antherozoids 
(Fig. 103 c) are spirally- wound filaments 
thickened posteriorly ; the anterior end 
is furnished with two delicate cilia by which 
they move in the water usually present in 
the capillary spaces between the leaves of 
Mosses. 

The archegonia (Fig, 104) are flask-sbaped 
bodies, dilated at the base and terminating , 
upwards in a long neck. An axial row of ing.a.Uiosntiionnoida (x! 
cells is contained in each arcliegonium ; the ,^,1- ni4aiiifleii ■ * in 
lowest cell, which is the largest, is the ni<>ihi)t-csii;(,fr8eBiiiinr(a 
(XWpAere. and the remainder are canaZ-ce^Z* ; ■>» Po"i'«**™('<8»)- 
the latter are disintegrated shortly before fertilisation so as to form a 
slimy mass; the four uppermost cells of the neck, the stigmatic cells 
(m), separate, and the antherozoids pass through the ojiening into the 
canal and reach the ooaphere, which becomes eaclosed in a membrane 
after fertilisation. 

The sexual organs are often solitary, but are also frequently collected 
into groups which aometimea consist exclusively of archegonia or 
of antheridia, but aometimes of both. These groups, known some- 
times as Moas-flowers, are occasionally sunounded by special invest- 
ments, the perichmtium and the penfiynium, consisting of modified 
leaves. The haii-like organs which occur at the insertion of the 
sexual oi^ans in these so-called flowers are the paraphyeen. The 
second or spore forming generation (sporophore), the aporogonimn, ia 
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immediately developed from the fertilbed oosphere. The base of the 
sporogoniam peitetTatea more or less into the tissue of the Moaa-pUnt 
and IS even nourished by it but the cells of the two generations are 
not iQ organic connection with each other. The wall of the atche- 
goniiim within which the development of the oospore into the 
eporogonium proceeds continues to grow for some time, and surrounds 
the young sporogomum when it is called the ealt/ptra (Fig. 105 e k). 
At a later stage it is ruptured m different ways according to the family 
to which the plant belongs and the remains cling to the base or to the 
apex of the aporogonium. 




FiQ. IM. — Punaria hpffronutrita A 
Longlhidinsl »Bctl<Hi of the aumnill at F""- IM.— «i»ario hygnrMMca. A. Orlgfai c* 

■ weak female pluit (x 100); a. archa- ^^ ■porogontum f//y In thsTentnl poitloDfi bl 

Koola ; b, leaves. B. An arcb^oDlum "' '^ archegontam (longitudinal asctlon X MO). 

( x 6M) ; 6, Tonlml portion with the *■ ^- Diffsront further atacea of dsrelopment of 

ecmtnl edl ; *, noclc ; m, mouth atiU Uie Bporogonlum tfl and of the calypOs M ; *, 

chMed:thecellaofUi8ulaln>warebe- nock q( tho irth<«onlum ( x about «l> 
ginning to be oonTertod Into mucilage. 
C Hie port near the mouth of tbeiisok 
ft ■ Isitlllied archegoniiuu wlUi dark nd cell-walla (■ftei Sacba), 
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The sporogomum assumee, sooner or later, tlie form of a capsule 
vith a more or less elongated stalk (seta). Certain layers of tissue 
within the capsule give rise to the spores, by division of their cells into 
four. In the true Idosses and the Anthocerotox, a central mass of tissue 
is left which does not give rise to spores, and is called the columella. 
On the other hand, in many of the Liverworts, some cells of the 
spore-forming tissue do not give rise to spores, but form the datert, 
which are cells usually having a spiral thickening on their inner surface. 
The spores are in many cases set free by the decay of the wall of the 
capsule, but in general the capsule splits open, either in segments from 
the apex to the base, or irregularly, or the upper part of the capsule 
comes off like a lid (opercidum) ; in most of the true Mosses there is 
an operculum which, from the first, is differently constructed to the 
rest of the capsule. 

The spores are spherical or tetrahedral ; their cell-wall consists — as 
also in the following groups — of two layers ; an outer and tougher 
one, the exospore and an inner and more delicate one the endo^ffre. 
On germination, the outer layer splits open and the cell, surrounded 




Fio. 100.— PUnoria ii/^rmiutriiv. A. G 
B. Fut of B dsTeleped protonamn. about Ui 
prlmuy ■hoot with brown wall uid nhllque eepte. out of which &iiie th« nacendliig: bnncbea 
with Hmltod growth. K. BudlmeDt ot H leaf-bearing ails with loot-halr (»). {,A x KM, 
£ about eo). 

by the endospore, grows and divides, a process which in most cases 
leads to the formation of the protonema, which is either a network 
composed of filaments of cells containing chlorophyll, or else a flat, 
green, cellular body. The rows of cells forming the protonema are 
lateral appendages^ which are either limited (Fig. 106 Bb) oi unlimited 



l40 PART IV. — THB CLASSIFICATION 0^ PLANTS. 

(Fig. 106 jB^ h) in their growth ; it is thus the simplest form of the 
Moss-plant This is most conspicuous in the cases where it passes 
directly at its apex into a Moss-plant. More frequently this transition 
takes place by means of lateral buds (Fig. 106 -^ -K") which arise at 
the base of a limited lateral branch. 

The branching of Mosses is never axillary; the lateral shoots 
usually arise by the side of or below the leaves. 

Many of the Mosses have organs for vegetative propagation, 
commonly known as bulbils or geminoB, and besides these special 
organs they are in the highest degree capable of vegetative multiplica- 
tion by simple branching and innovation ; indeed the forms which are 
of most frequent and extensive occurrence, e.g., Hylocomium triquet- 
ruT/if increase chiefly by these methods and rarely produce capsules. 

The group is naturally divided into two classes which are dis-. 
tinguished principally by the following characters. 

Class III. Hepati/xB, (Livetifforts), The capsules never open by the 
separation of a special operculum ; they are either four or two-valved, 
or they open irregularly by the rupture of the upper portion, or they 
do not open at alL In most of the orders elaters are found among the 
spores ; a columella is present only in the Anthroceroteae ; the spores 
ripen whilst the capsule is still enclosed in the calyptra. The 
calyptra clings, after its rupture, to the base of the capsule. The 
plant of the first generation is a thallus^ or a stem furnished wiih 
leaves, the leaves being formed of only a single layer of cells; the stem 
is always bilateral ; the root hairs are unicellular. 

Class rV. Mtisei, (True Mosses), The capsule usually opens by a 
distinct operculum ; elaters are never present, but the columella 
always, at least in the early stages. The calyptra is usuaUy ruptured 
by the capsule long before the spores are ripe, and is elevated upon it. 
The plant of the first generation is a stem furnished with leaves which 
not unfrequently have a midrib of several layers of cells ; the stem is 
not usuaUy bilateral ; the root-hairs are multicellular. 



Class III— HEPATICE, (LIVERWORTS). 

The capsule usually splits into four valves ; elaters with spiral 
thickening are almost always present ^ but there is usiudly no columella;. 
the calyptra remains attached at the base of the capsule. 
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The plant of the first generatioD, in Bome of the forms belonging 
to this class, is actually a iBaBesa thallus ; in others it is a thaUoid 
stem, furnished with small scale-like leavea ; othera again have a stem 
bearing green leavea, The two first ace said to be frondose, the last 
foliose. The frondose species cling closely to the surface on which 
they grow, and are consequently hilateral, the two sides or surfaces 
differing considerably : the cells of the upper surface contain much 
chlorophyll and are generally protected by a distinct epidermis, those 
of the under surface contain but little chlorophyll and alone give 
rise to roofrhaire. ' The foliose forms also frequently creep over the 
BubstratuDi and exhibit various forms and arrangements of their 
leaves corresponding to their mode of life. In correlatipn with the 
bilateral structure which obtains throughout the whole class, the 
leaves are of two kinds ; inferior leaves, which are inserted upon the 
side of the stem which is in contact with the substratum, and which 
are imperfectly developed ; theae are the only leaves borne by the 
frondose Liverworts which have any : in addition to theae leaves 
(called in the foliose forma amphigastria) the foliose Liverworts have 
two rows of late-'ol leaves, which are inserted upon each aide of the 
upper aurface of the stem. 

This class includes four orders. 

Order 1. RicoiE^ 

The archegonia and antheridta stand isolated on the upper aide, of 
the thalloid stem. The capsule ia apherical, usually sessile; it cCntaina 
no slaters, and does not rupture. 

SiecUi fiuiians has a beautiful dichotomonsly branched item, and R. tialani a 
broad lobed atem ; they occur occasioaally in water ; K glauca and other speuies 



Order 2. AsTHOCEROTRfi. 
The thallua, which contains much chlorophyll 
and ia irregularly branched, creeps on the ground. 
The archegonia are imbedded in the upper sur- 
face. The capsule ia long and tliin, like a pod ; it 
splits open from above into two long valves ; it 
contains a columella and slaters which have no '""" '"*^ ''"^ *■ ^" 

capaulos. gom« as yat un- 
Bpiral bauds. opened. 

Anihaeerog laevii (Fig. 107) and puiulatua are foand on loamy aod sandy fields 
and woodland claarings ; they are not common, but where they occnr they glow 
in oonsidera^le quantity. 
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Order 3. Marohantiba. 

The archegonia and antheridia are usually collected respectively 

into groupB on special upright, umbrella or hat-aliaped branchea, the 

receptacles, (Fig. 108 A ku) of the thalloid Bliein : the st«m bears oa 

A 




lUm Dt Udrcinmia poli/motpkia (I), with the upright mala r*oai>- 
tOEls (beerinR sDtheridbX B. Portion of a stam nlth t. receptuils coutalulug gcanmit ; 
■ V, ft^ca of the two brancha (after fiachfl). 

its Upper surface numerous large stomata, and on its lower surface, two 
rows of scaly inferior leaves and a number of root-hairs. The capsule 
contains elaters and opens irregularly, or by four valves, or by the 
removal of its upper part. 

MarcKaiUia polyraorpha, which U very oommon on paths, on walla and in 
peat-Huttings, has a thip^ creeping, dichotomooslj-branched stem. Tha 
antheridia are home on the upper Bide of ambrella-Bhaped branches (Fig. 108 
A b/a) and the archegonia on the underside of similar radiated receptacles. 
Beddea these the stem prodac«s from its upx>er sarface cup-shaped vessels 
containing gemvue (Fig. 106 B). Fegatetla arnica is similarij provided with a 
conical receptacle ; in Reboulia MmispluKrica it is senu-glohnlar ; these plants 
occnr on rocks and damp walls -particularly in monntaiaoas neighbourhoods. 

Older 4:. Jdkqxruabniex. 

The capsule splite into four valves from the apex downwards. 
Elaters are present. 

fa.) AnaerogyncB. The archegonia are not borne at the apex of the 
thalluB ot stem, but on its upper surface ; they are surrounded by an 
involucre formed by the stem or thallus : they ore usually frondosa 

Melxgeriafureala has a narroiv dicbototuously-branched thallus consisting of a 
single layer of cells, which is traversed bj a midrib consisting of many layers ; it 
grows very commonly on tree-tmnks, but it rarely fructifies. Ptllia epiphylla 
has a broad thalloa, conBtsting of several layers of cells : it is not uncommon by 
^aings, on damp rocks, &c Aneara pingvM and other speciea occur in dnular 
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(b.) AcrogyTus. The archegonia are situated 
at the apex of the stem or of certain branches 
of it, and ore sairounded by a perianth, that 
is, by leaves or part of leaves which form an 
investment. The stem does not ueuall; bear 
inferior leaves, but always two rows of lateral 
leaves; these leaves are either bidentate at 
the apex, or bipartite, and sometimes (Friil- 
lania, Radula) are completely divided into two 
lobes. The insertion of the lateral leaves is 
at first transverse to the long axis of the stem, 
but it becomes modified by the unequal growth 
of the stem, so that the leaves come to be 




(Fig. 109), or on the upper (folia ineuba) > 
surface of the stem. "' 

JungermaTmia bicuspidata and many ether species are common on damp soil 
■ad. on the trunkB of trees. Flagiockila aapleaioidea [Fig, 109) is Dot nncoiumoii 
in monntajn woods. Eadula com;^7iala has a small stem, densely coTered with 
leaves, which creeps over tree-trunks and boughs ; it is very common. Fmllatda 
dilatata and Tamarisci, with small and elegantly-branched stems of a brownish 
or purple colour, also grow on trunks o[ trees, or ou the earth, in damp, shadj 
places. 



Class IV.— MUSCI. (TKUE MOSSES.) 

The capeule umally opens by the removal of a distinct operadvm. 
Elaters are vever jn-esent, the columella always. The cal^lra u 
vguaUy carried up by the capsule. 

The MosB-plant always consists of a stemfumished with leaves which 
are all of the same kind ; its branches creep on the earth or else on trees, 
or they form dense plots. Bilateral structure does not very often occur. 

The Class may be divided into four Orders : 

Order 1. Sphagkace^ (Bog-Mosses). 
The spherical capsule contains a hemispherical columella, and opens 
by the removal of the upper portion of its wall ; the calyptra remaina 
attached to the base. 
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The only genua Sphagnum (Fig, 110) inclu3M a number ot species 
which all live in damp woods, and more particularly on moors, 
forming extensive soft plots. The branches, 
which are densely covered with leaves, envelope 
the main stem : the leaves, as well as the 
cortex of the stem contain large cells filled 
with water, the walls of which are perforated ; 
bv capillary attraction wat«r ia conveyed 
through these open cells to the topmost point 
of the plant. The loww portions of the 
quickly growing stems die off and form peat. 
The shortly-atalked capsule (Fig. 110 K) ig 
raised by the elongation of the stem which bears 
the archegonium; this much resembles the stalk 
of the capsule (seta) in the true Mosses, but 
it is not of the same nature ; it is called the 
pseudopodium. 




Order 2. Andrk£AOB£. 
The columella is columnar in form, free at the top. The capsule 
splits into four valves which remain connected at the base and apex. 
The calyptra is raised up as a cap upton the capsule. 

Tbe genus Andreea (111 b) lives on rocks among 
the Alps and other high mountaina. The elongated 
and branched stems are closely covered with leaves. 



f 'M 






Order 3. Phasoaoe*. 
BhMt a -^^ capsule does not open at all; the colu- 



Atdreaa tiivaiu, with IE) m&lla, in this order and in the following, is con- 
opiuie (oat siM> nectod With the wall of tiie capsule above and 

below. The spores in Archidium are formed from one of the cells of 
the columella : the calyptra remains at the base of the sporogoninm. 

Phascuin. ciupidatum, ^hemerum serraium (Fig, 111 a) and ATckidium 
phaaceidea are minute Mosses a fen- milltiDetres in heiglit, groning in fields and 
ripening their capsules in the ajiring. 



Order 4. Brtin^ 

The columella is connected with the capsule both at the top and at 
the bottom ; it is immediately surrounded by the spore-forming tissue 
(Fig. 112 s) ; between this and the wall of the capsule there is a lai;ge 
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cavity filled with air (Fig, 112 h) travereod by filaments of cella 
pontaining chlorophyll The capsule opens by the throwing off of an 





Font naJtt oM pyreliea. 
't poriatoma , ip, I 

■tODI« (KM). 



Fio. lia.— Puiiaria hygrmulTiai. A. A young toaly plant (e), with tha e«lyptr» (A B. A 
pUntCj) wllh lli8 nwrlyHpe sporogonlum : «. lU seta ; /, Iha apauls; c, Uia lajjplre. C 
Limgltudiiitil wctlon ot tha capaiils blHctlOK it Bjmmetrlcill; ; d, operculum : a, anniilus ; 
p, perbtome ; c it, uilumellA ; A, alr-cavltf ; i. the primuy mothat-cella of the apom 

operculum, which is from the first constructed differently to tbe rest 
of the capsule. Certain layers of cells of the internal tissue of this 
operculum remain in connection with the walla of the capsule and 
constitute the peristome which has a characteristic form in each 
different genus. In Tetraphis it consists of four hard teeth for which 
the whole of the internal tissue of the operculum is utilised ; in most 
genera there are 8, 16, 32, or even 64 teeth, formed by the thickened 
cell-walls, which are frequently arranged in two rows, one within the 
other (Fig. 113), and which originate from two different layers of cells. 
In only a few genera, e.g., Gymnoatomum, are they wholly wanting. 
The calyptra is elevated by the growth of the capsule and covers its 
apex like a cap ; the capsule ia generally elongated, 

The leaves, which consist of a single layer of cells, are traversed by 
a many-layered midrib in many species. 

Some of the genera bear the female flowers and, consequently, at a 
later stage the capsules also, on the apex of the main stems ; others 
bear them on short lateral branches ; although this difference of 
position cannot be regarded as an important systematic distinction it 
may serve as an indication of allied forms. Thus the Bryinee may be 
divided into : 

(a.) Acrocarpi, bearing the arcli^ionia at the apex of the stem ; the 
10 
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capsules, however, often appear as if they had heen borne upon lateral 
ahooto, for lat««l shoots devehipe later and displace the main stem to 



JHcranmn ta/parium, witli sickle-atiaped leaves, 
ia common in noods. Lrucobryum glaucum bas 
leaves consiating of several layers of cells, whicli 
resemble those of Sphagnum in their structnre, 
it Docura in Pine-woods and on moors. Ceraiodon 
piCTjmreiu with a red seta and a short stem, is 
vet7 comaoQ in various localities. Sar^ila 
muraiia grows in patcbea on walla and rock» ; 
the median nerve of the leaves is prolonged into 
a htur so that the patches of Moss look greyish. 
TelrajAU pelludda has bright gieen leaves ; it 
glows on decayed tree-tranks, and hears gemmte 
of peculiar form. Grimmia pulvinata occurs in 
round greyish-green patches ; the capsulea have 
very short set^ Ortholriehum ipedoimm and other 
species have also shortly-stalked capsules and are 
common on trees. Funariahy^omelriisa {Tig. 112); 
lias an obliqne, pear^hsped capsule ; the long 
sebe have the peculiarity of contraoting into a 
spiral on being wetted and dried ; it is common 
on walls and paths. Potytrichum formomnia 
(Fig. 114) and other species are the laigest of 
our indigenous acrocatpona .Mosses ; they have 
large dark gtvsn leaves and long hairy calyptns 
and are common in woods and on heaths. 




(h.) Pleurocarpi. The archegonia, and 
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the cepauisi i, Uie Mta: c, euoeeqnently the capsules, are boTDe on 
caiyptrs. special lateral branches. 

FontinalU aniipyrelica floats in water. Nedcera origpa, with flat outspreading 
leaves, grows on rocks. Tkuidiuia abietinum and other spedeg grow in woods ; 
they have regular pinnately brMiched sterns^ and very small, closely-set leaves. 
Ltvaodrm aciurvidea is very common on tree trunks. Braekythecium ruiahuliLra 
is common iu wooda. EurhywAiiim praelmtgaTit, with long creeping stems, 
occurs in woods and damp gardena Hypnum aipremifoTme, is very common on 
tree-trunka, and H. caapidatam, and gigaiUeiem in bogs and ditches. Bylo- 
comium trigiiUntm is vet? commonly used for gulands ; this and H. tpUndtTa, 
with remarkably regnlar lamification, are both common in woods. 
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THE TA8CULAB CBYPTOQAMS. 

la this gronp also an alternation of a sexual with an asexaal genera- 
tion occuts ; but the relations between the two ore exactly the reverse 
of those existing among the Mosses. In this group the plant which 
springs from the spore and produces the sextial organs (oophore), is 
BmAlI and shoit-livod, psrLshing after fertilisation has taken place ; it 
ia called the prothalUutn. The plant which grows from the fertilised 
oosphere (sporophore) is furnished with a distinct stem and leaves, and 
and it has closed fibrovascular bundles and trae roots ; it commonly 
pereists for several years and produces spores in regular succession, 
besides possessing various means of vegetative multiplication. These 
morphological and anatomical characteristics bring this group of plants 
into the province of the i^agailar Plants. Some of the orders which 
occupy the highest place among the Cryptogams, exhibit in certain 
features a resemblance to the Qymuosperms among the Phanerc^ams ; 
there is thus a gradual transition from the Cryptogams to the 
Phanerogams. 

The Prothailium (Fig. 115) is, in most of the orders, a thallus 
which grows from a spore which it greatly exceeds in size, producing. 





besides root-hairs, antheridia and archegonia on certain parts. {Fig, 
115 an and ar). 
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The antheridia (Fig. 116) either project from Uie surface as masses 
of tissue, which aie hemispherical or Bomewhat cylindrical in fonn, 
ot they are sunk in the tissue of the piothallium. They consist of a 
wall, composed of a sii^Ie layer of cells, and of the mother-cells of 
the autheroKoids : the antherozoid is a spirally wound filament bearing 
a number of cilia at its anterior end. . (Fig. 116 s.) 




Fio. 118.— Oermlnsting maoroipora CFf SdoiFineilo J»o 
bore ths dark outline (d) la the pcotluillluia ; 
c f, BiobrjM in two that taTB b«en fertUi«d. The i 
andnperm {afUr Bacha). 

The arehegonia (Fig. 117) are in general constructed like those of 
the Mosses ; that is to say, they consist of a ventral portion, which is 
imbedded in the suirounding tissue and is coherent with it, and of a 
short neck through which two canal-cells, which subsequently undei^o 
disintegration, extend to the oosphere. 

However, the prothallia of some orders, such as the Ehizocarpese, 
Selaginelleee, and Isoetete, differ widely from this in their structure. 
These plants, namely, produce two kinds of spores, large spores caUed 
t)iacro8pores, and much smaller ones, microspores, and they are 
termed heteros^mous on this account, in contrast to the ieosporovjs 
orders in which the spores are all of one kind. 

The •maerospcre produces a female prothallium (Fig. 118) which is 
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developed in the spore itself, and only a small portion of it is exposed 
at the apex. On this exposed portion it bears one, or a small number 
of archegonia. (Fig. 118 a.) 

The microspore produces a merely rudimentary male prothallium, for 
the antherozoids are developed from it directly, or at any rate after 
it has undergone only a few divisions. 

The embryo developed from the fertilised oosphere, grows directly 
into a plant which subsequently produces spores. 

The spores are formed in not very large numbers in the sporangia 
by the division into four of the internal cells ; and when two kinds of 
spores are present they are produced in distinct sporangia — macro and 
microsporangia. The sporangia are small in proportion to the whole 
plant and are developed either from single cells of the epidermis of the 
leaf, or from groups of cells, the external cells of each group forming 
the wall of the sporangium, the internal, the mother-cells of the 
spores. It is almost always evident that the sporangia are produced 
from the leaves ; it is only in a few instances that they originate in the 
axils of the leaves and appear to be formed from the stem. 

The group of Vascular Cryptogams is divided as follows : 

Class V. Filidnoe. The leaves are well developed in proportion to 
the stem and bear the sporangia (which usually originate 
from a single cell) almost always collected into sort on 
their margins or on their inferior surfaces ; the fertile 
leaves are not confined to any particular region or 
branch of the stem. 
(a,) Isosporous. 

Order 1. FUices, 
(K) Heterosporous. 

Order 2. Rhizocarpece. 

Class VL Equisetinoe. The leaves are small in proportion to the 
stem ; they are arranged in whorls and those of the 
barren whorls grow together into a sheath. The fertile 
leaves are arranged in numerous closely-set whorls 
forming a spike at the apex of the stem ; they are 
peltate and bear the sporangia on their under surfaces. 
The sporangia originate from groups of cells. They 
are isosporous. 

Class "VTI. Lycopodince. The leaves are for the most part small 
and feebly developed ; the fertile leaves are frequently 
collected on a distinct portion of the stem. The 
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spoTangia, which are developed from groups of cells, are 
almost always solitary in tho axila of the leaves or close 
to the base of the leaves on its upper aide. 
(a.) IsospoTons. 

Order I. Lyeopodiea. 
(b.) HeterosporouB. 

Older % Sdagindlea. The eteoi, which grows 
greatly in length, bears numerous small leaves ; 
the sporangia are situated in the axils of the 
leaves, occasionally they aie attached to some 
extent to the stem. 
Order 3. Itoetece. The stem, which is short, bears 
long unbranched leaves ; the sporangia are 
situated on the upper side of the leaf. 



Clabb v.— FILICINiE. 

The sporangia are usually collected into son on (he edges or under 
surface* of the leaves. The fertile leaves are not confined to a ^edat 
region of the stem. 

Order 1. Fiucks (Ferns). 

The spores are all alike, arid produce 
a large and tjidependeni prothalliujn. 

The prothallium is almost always deve- 
loped on the surface of the soil, and con- 
tains chlorophyll (Figs. 115 and 119). It 
takes origin from the spore in the form of 
a cellular filament which, at a later stage, 
generaDy becomes a broad surface divided 
anteriorly so as to be heart-shaped; it 
consists of a single layer of cells, 
excepting at that part which bears the 
archegonia. This region is situated at 

V,:lSZ,w.^ ""> '»" p"" ■>' Ik' i>"rt«i"-p»i p-^ 

iiow with younc Fam thallium, behind the indentation (Fig. 115 

,. ^.J't^i.'t^^\ ")■ •"» ""'"^» "• p«^-^ p""y 

A, root-hain oF tbs proUuiuum at the edge, and partly posteriorly among 
(«houtK3){aft«-a«h.> ^hg root-hairs (Fig. Ufi an), and project 

as hemispherical masses of tissue. 
^ The stem is for the moat part a strong underground horizontal or 
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oblique rhizome; tTee-fema with tall upright trunks occur only in 
the tropics. The internodes are sometimes elongated, so that the 
surface of the stem is visible between the leaves which are some' 
distance apart, e.g., Pteria aquilina (the common Bracken) and Phe- 
gopteria cdLcarea ; but they may be also very short, so that the leaves 
form a close crown at the apex of the sten^, while the older portion is 
closely crowded with the remains of the leaves that have died off. The 
stems of the first kind usually branch very freely, the branches arising 
in the axils of the leaves, as in Phegopteria ccdcareay or dorsally to them, 
as in Pteria aquilina : the more leafy stems, on the contrary, branch 
less. The leaves are sometimes arranged in two rows, particularly when 
the stem is elongated (e.g., Pteria aquilina) ; and this peculiarity is not 
unfrequently exhibited, that the two series of leaves approach each 
other on the dorsal surface of the stem, e.g.. Poly podium vulgare ; but 
they are sometimes arranged in a spiral, with a considerable angle of 
divergence. The blade of the leaf is usually much branched, and in 
its early growth it is curled spirally forward on itself into the shape 
of a crozier (circinate venation). The hairs are often conspicuous 
by their size and breadth, and frequently completely envelope the 
young leaves and the growing part of the stem ; they are called 
palea: or ramenta. The roots spring usually from the leaf-stalks of 
those species the stem of which is very densely covered with leaves, 
e.g., Aapidium Filix maa; they form a thick felt-like covering on the 
trunks of tree-ferns, which sometimes exceeds the diameter of the 
stem itself in thickness. 

The production of spores is exclusively confined to the leaves, and it 
takes place without their undergoing any important metamorphosis. 
In many cases the fertile leaves are hardly to be distinguished from 
the barren ones, and where a difference is perceptible, it consists 
almost only in this : that the fertile leaf — or portion of the leaf — 
developes little or no mesophylL The fertile leaves are never con- 
fined to a particular region of the stem, still less to any particular 
branch; but the stem bears at first only barren leaves, and, as it 
grows older, produces fertile leaves periodically, as well as sterile ones. 

The Sori consist of groups of sporangia which are arranged in a 
certain relation to the venation of the leaves, and their form 
and distribution is characteristic of genera and even of still larger 
divisions. In many genera, ag., all the Hymenophyllace© (Fig. 120 
A)y Dicksonia and DavaUia, the sorus is situated at the margin of the 
leaf at the extremity of a vein and consists of two parts, a central 
part which bears the sporangia, known as the receptacle (Fig. 120 A r) 
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which is an elongated, filifurm, or short cushion-like Btmcture, and 
a cup-shaped, sometimes deeply two-Iobed integument, the indusium. 
(Fig. 120 A i). In most Fema the eorus is at some distance from the 
ma^in of the leaf, on the under surface ; the indusium then appears 
as covering the receptacle on one side only {Fif;;. 120 B D E), and its 




9t ImportHDt gTDixpi of FeniH. bU wen 
Km ^nuotum, ODQ of tlia HymmopbyUocen ; r, rooeptade: t, Bponuigla ; i, iudu- 
a halt at Uie indiuluiii la nmoTed. B, Ptniu of Danllli^-at t the undenida of 
nied back, tbs upper Imlf ia become pBTt ol tbe leal marglli. C. Fut of 
; nt, tbe Inierted marglD. i>. Lticinitt lA Aapl' 
I tbe iDdUHluDi IB renioied, end at r (be eporengla aleo. F. Pluottof PslwwttKn 
T tbe iponagla an remoTsd <a11 are x 3 to A). 

form varies in the different genera. The half of the primitively cup- 
shaped indusium, corresponding to the upper surface of the leaf, has 
disappeared. (See Fig. 120 B.) In many genera the indusium has 
disappeared altogether; the sorus is then said to he naked (Fig. 120 
F). Many Ferns bear the sporangia in a marginal row which may be 
supposed to have originated by the coalescence of contiguous son. The 
inferior indusium, in such cases, is usually not present : the margin 
of the leaf covers the sporangia as a so-called false indusium (Fig. 120 
C). Finally, in some Ferns, the sporangia do not form sori but are 
scattered over the whole of the under surface of the leaf, on the 
mesophyll as well as on the veins. The hair-like struotures which the 
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ftceptacle aometimes bears interspersed among the sporangia are known 



The Sporatigium is a capsule with a wall of a single layer of cells, and 
baring a short atalk ; it is rarely sessile (Fig 121). The spores commonly 
originate from the repeated division of a single cell which occupies the 
centre of the young sporangium j in a few families only the sporai^um 
is developed from a group of cells, of which the inner cells constitute 
the mother-cells of the spores. In direct relation to the mode of 
rupture of the sporangium are certain cells, which have a peculiar struc- 
ture, and which are much thickened ; they form an'jijf or annulmt, which, 
in some families, is completely closed, and in others not so, (Fig. 121 r) 
or they may be connected in some other form, but in any case the 
aggregate of these cells is spoken of aa the annulus (Fig. 122 r). The 
structure of this annulus is an important characteristic of the various 
families, 

The group of the Fems includes the following eight families, of 
which some ate exclusively tropical, and the others, though they have 
representatives in temperate climates, attain theii most perfect 
development in the tropics. 

Family 1. Hymenaphyliaeem ; this contains the simplest forms. 
The mesophyll almost always consists of a single layer of cells ; the 
BoruB is always marginal (Fig. 120 A), the sporangium sessile or shortly- 
stalked, and the annulus entire. The prothal- 
lium resembles in structure the protouema 
of Mosses. 

Almost all tha Bpeciea ara tropical. TVicAomanei 
fptciutam, nnd Hymeno^yllum, TuHbridgenae aloae 
occur in Europe (England and France). 

Fam, 2. Pol>/podiace(e. The amiulus of the 
stalked sporangium is incomplete (Fig. 121 r), 
that is to say, it is not continuous at the base. 
Almost aU our native Fems belong to this 
family which is exceptionally rich in species. 

The following sub-families may be dis- p,g iji._8po[»ngimn ol om 
tinguished, characterised by the position of of the Poirpodiaee» (x siio) : 
the sorus "' "'^^ ' *"' "" "^"^ wUch 

' e]itendfi to tbQ HtDQiliim it, At 

(a). Damdliaaa. Sorasmarginal, ornearly ao ; tbto spot the w^ o( the «po™- 

indnatum cupmhaped (Fig. 120 B). tt^wT".™™ tali[»ti^"f«r 

(b). PteridtcB. Sori conlescent along the margin ths uks of dJiUnotDssg. 

of the leaf (Fig. 320 CI, Ptcria aquiUwi, the 

BrsckeD, has a stum irbich grows at some depth below the sudace of the mi 
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-.jisiid thiona up every year a dngle large mnch-Mgmeated leal. The fibn-raai 
■ctlar bobdles of the petiole exhibit in sectioii on arrangement which ii aapposed 
to resemble a doable eagle. 

(cj. Asptdiax. Sorna, on the lower aurfece of the leaf, orhioohir in fonn and 
covered by a peltate or reniibrm iudoaiam (Fig. 120 D), A^divm, FHai mat, 
the male Fem, and other species Teaembling 1^ with a tluck tafbtd crown of 
leaves, are not rare in woods. In Phegoptarie (PA, eaiacrta and Dryi^terU are 
not rare) the indaslam ia wonting. These genera are distinguiahed from the 
PolypodieEe by this peculiarity, that a short, irregularly broken fragment of the 
■lead leaf-stalk remains attached to the stem. The rhizome of the iadigenoua 
specieB has elongated intemodce. 

(d). A^Umece. The soms, which ia situated on the under mrfaoe of the leaf, 

is elongated or linear, and the indusiom springs from the vein to which it ia 

attached (Fig. 120 JE). AapUaium mla muraria is not nncommon on walla and 

rocks ; A. tridumanes is also abnndant, with aimplo pinnate leaves and a Bhining 

black rachis. .<4. Jl'Ziz/iEntinaiacommonin damp woods. SeotopeadriilmlmlgaTe, 

the Uart'a tongue, with entire leaves, ia common in damp hedge-rows and woods. 

(i). Polypodiae. The soms, which is on the onder sorfhoe of the leaf, is naked 

(Fig. 120 F). Tiie dead leaves and stalks fdll off from the stem leaving a 

[onndiah scar : the leaves are nsoally home in two rows on the dorsal surface of 

the rhizome. Polypodium mdgare, with simple pinnate leaves, is common on 

tree-trunks, rocks, he. 

(f). AcrosHchecE. The whole ondeiside of the leaf ia covered with sporangia. 

Fam. 3. Cyatheacece. Distinguished from the Polypodiacero only 

by the presence of a complete anmilua. 

The tree-fema belong to this family. Cihotanm and Dlcksouia have marginal 
sori with onp-shaped indusia : Cyathea and Alsophila have their son on the 
under surface of the leaf. 

Fani, 4. GleicAeniacecB and 
Fam. 6. SckiaeacetB occur only in 
the tropics. 

Lygodium is tbs most remarkable genus, 
its pinnate leaves grow to a great length 
and twine round supports by means of their 
midrihs. 

Fam. 6. Osmundacete. The shortly- 
stalked sporangia (Fig. 132 B), 
Fm. m.-o.ffluwia«Boiii. ^. FeriUB ™8t©ad of a ring, have a poculiar 

Itona with DBked margliud Hirl (.J grOTlp of Cella {Fig, 122 £ r) jUSt 

EtomB=.»ophriii.w«™-de..ioped»t fcelow the apex; they buret open by 

the haae (nat. sl»). B. A solitary spo- K^ f J " f J 

nmgtuui ( X eoo) : ii, Hie ahgrt otaiii : a longitudinal sUt OH the side opposite 

r,tliBiu.nuli«;d,Hifltongih.dliial«Ul. to thlB (Fig. 122 d), 

Osmwnda regoMs is a not very common bat well-known Fem, Only the upper 
pinnee of the leaves are fertile and develope little or do mesophyll ; the son are 
niarginal and consist of a great number of sporangia ; Uiey have no induaium 
Fig, 122(^ »), 
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dimBOBiooB, have large 
tropcal genera. 



Fam. 7. Marattiacece. The aporangia of each sotos ore cohSrent, and 
appear as the loculi of a multilooular apotangivun or synangium : they 
are not developed eaeb from a single cell, hut from a group of calls. 
The leaves, whidi are usually of eaormoi 
stipules at their hose. 

Maiatda, EftQlfiisgis, Angioptdns, and Dmuw ai 

Fam, 8. O^hioglossete. This ia the most 
aberrant of the fomilies of Fema ; never- 
theless it is alHed to the ahove-mentioned 
families hy many features. The prothal- 
lium is not a flat layer of cells coataiuing 
chlorophyll, hat a eubterianean mass of 
tiBsue,containinguochIorophyll. Thestera 
of the spore-bearing plant is always short, 
and in the indigenous speciefl it ia sub- 
terranean ; it throws up a single aerial leaf, 
or two or three simultaneously. The leaves 
to be developed in-the following year are 
already formed at the end of the stem 
and are enclosed in a sheath formed by 
the base of the mature leaf and its stipules. 
The fertile leaves are distii^uished from 
the barren ones by the production, from 
the upper side of the petiole, of a branch 
which bears the fructification. The spo- 
rAngia are large and marginal, and are 
, borne either directly by this branch, as in 
0phi(^los8um, or by its lateral branches, 
as in Botrjchium (Fig. 123/). The spo- 
rangia are developed from groups of cells 
and have no annulua. In Ophioglossum 
they are sunk in the tissue. 

Opkiogloamim valgaium ia lather rare : it has 
an eutire tonji^e-Bhaped lamina and a linear 
onbranched fructification.' BBtrychinmLwnaTia < 
is tolerably common in monntainoos districts ; ' 
its lamina is pinnate and the fruotificatian is ^^■. ^^^^g ftom"ttia 'ferffie 
paniculate. branch ff/. 

Order 2. Ehizocarfe£ (Peppehworts). 
The spores are of two kindi ; the macrosporatiffia each contain a 
single macrospore ; the microsporangia contain numerom mio-ospore» ; 
thejnvfhaUia are small and prefect but little from the gporte. 




Fio. 129. — ^stryiUun 1 
nat sl») : u. toots ; ic, 
I. l«B[-slieath ; X, point wh< 
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- Tarn. 1. Saiviniac&E. Salvinia is the only genus. The male 
prothalliam ie a filament which is developed from the microspore. 
The antherozoida are formed in two cells at the free end of thie 
filament, which represent a Tudimentary antheridium. 

The female prothallium projects but little from the spore. 

The stem of the epore-bearing plant floats on the surface of the 
water and bears on its upper surface four rows of flat, green, aerial 
leaves (Fig. 124 /) and on its under surface two rows of dissected 
aquatic leaves (Fig. 124 w). Koots are wholly absent. The sori are 





Fro. lU.— Aplul portion ol tba stem at Salvinia luUnru, Hen obUqu<4f ttnra bebw (Dst 
bIk) : I, I. Bitlal leaiH : v, u, aquatic leaves, with the aori. t, •; k, tennlDBl bud of ths 
Btem. fi. Longltudinalaectlon through thnefertUeteeth o( an aqiiitlclBlt<x 10); i.i.too 
aorl with mlcTasporangla ; a, one with DAcroaporaiigiii (after Sachs). 

situated on the aquatic leaves (Fig. 124 «); each separate soras ia 
completely inclosed in a thick induaium and has a diameter of about 
5 millimetres. Within this fructification the sporangia arc borne on a 
columnar receptacle ; in some sori there are numerous microsporangia 
with long stalks, (Fig. 124 £ it) in others a smaller number of 
shortly-stalked macrosporangia (Fig. 124 S a). 
Salvinia natam occnra in the warmer parts of Europe and in the Tropics. 

Fam. 2. MarsiliacecB. This family includes two genera, Marsilia 
and Filularia. The formation of a male prothallium does not take 
place ; the whole contents of the microspore imdergo division and give 
rise directly to a nimiber of small cells in each of which an antiiero- 
zoid is formed. 

The stem of Marsilia creeps along the bottom beneath the water (Fig. 
125) and bears on its upper surface two rows of leaves with long petioles 
and quadrifoliate laminse. The under surface of the stem beats only 
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roots. The fertile leaves branch above their insertion ; the one bianch 
is quite similar to a sterile leaf, the other bears a legnminoid fructifica- 



tion (Fig. 125 /) which contains several 
This fractification, like those of the Pha 
neic^^ams, consists of an infoldeil leaf The 
sporangia are developed each from a single 
cell on the inner surface of the wall of the 
fructification. Each sorus contains both 
macro- and micro-sporangia. 

Marailia qaadrifolia ocoura in tompflTHte 
eouQtries, and many other very sinnlar forms 
abound in warmer climates. 

PUyiaria globuH/era has narrow bladcless leaves 
but otharvi'ise greatly lesembles Marailia. It oceurs 



. enclosed by indusia. 




Class VI.— EQUISETIN^ 

T/w fertile leaves are arranged in wkorU 
and form a spike at the apex of the stem; 
they are peltate and bear the sporangia, 
tckich are developed from groups of cells, on 
their inner mirfaces. Tlie spores are all of 
one kind. 

This class contains but one genus, Equi- 
setnm (the Horsetail). 

The prothallium is much branched and 
corrugated: it bears the antheridia at the 
extremities of the lobes, and the arch^onia 
in the angles between them. 

The spore-hearing plant consists of a 
subterranean coiourlesa stem which every 
year throws up green branches which usually die down in the 
autumn. The leaves "are represented by an annular dentate leaf- 
sheath at each node (Eig. 1 26 A v). The outer surface of the aerial 
intemodes is usually not smooth, hut striated with longitudinal 
ridges and furrows (Eig. 126 B) : each ridge corresponds to a tooth 
of the leaf-sheath. This external configuration of the stem ia 
intimately connected with its internal stnicture. The fibro-vaacular 
.bundJes are arranged in a circle (Fig. 126 B a), in each bundle there 



Fiu. t^EI. — sum of MaytUia 
aatvatrie witL l«av«8 (reduced ono 
kail). K. Terminal bud: b. 6, 
laatos; /, /, [ructiflcntloDBBpriiiK- 
Ing from the petlolM. 
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18 a cavity, the lacuna (k), which is formed by the aeparation of the 
annolar veeeelfl ; the fibro-vaecular bundles lie on the same ladii as the 
ridges on the stem. There 
are also large cavities in 
the cortical tissue which 
lie internally to the grooves 
(Fig. 126 B/). The pith 
too is replaced by a large 
air-space, the central cavity 
(Fig. 126 B c). The 
branches spring from the 
base of the sheath between 
the teeth ; they are similar 
in stTuctiue to the main 
stem. 

The fertile branches ter- 
minate in a spike (F^. 
126 A a) formed of the 
leaves which are trans- 
formed into peltate scales 
bearing sporangia. Tbelast 
leaf sheath below the spike 
is rudimentary and is called 

FiQ, 126. — A. CiAwr portioD of 4 fertile bnnch of ji - > /17- 

brmohiH (r) .prlng :», Uie uppenofirt Jrtorile sheath r 126 J w). The BCales Stand 

<^e.pik=;..thepeit.Mtemiei«™|. in^«,™« ;„ numerouB whorls ; they 

section of the Msm {k fl): e. central cartty ; j, the ' ^ 

flbroVHscnlar bundlH arranged In a drde, each bavluit have stalks and bear the 

a e.rttj. i ; /, ih. earttie. Mow the groo™ : r. ths . sporangia on their mtemal 

rtdge*. C. Poltate leaf with ■porangld (x 10) : jt. the '^ 

■talk ; ip, the sponiDgia. A Diagram of the coune Surface. The Sporangia are 

lakenhythafibrimiBCuUrlrandleawherBtwoUlteiiiodiB saC-llke and Open inVards 
n>«t ; i. i. the i.t«™pd» ; i, the -ode. ^^ ^ ^^^ ^.^ ^ ^^ ^ ^^^ 

The sporea are enclosed by two coats, the two being connected at one 
point only. The outer membrane splits along a spiral line into two 
spiral bands (daiers) which, when they are dry, are extended cross- 
wise, bnt roll up under the influence of moisture. 

The difierent species of Eqauetam all inhabit damp places, bogs, wet fields and 
wooda, WliUe some of the tropical forms attain an immense height and thick- 
ness and the fossil forme were of gigsntic propottioiu, oar uidigenooe species 
reach at the utmost the height of a few feet, and a tliickneBs of perhape half an 
inch. In £. onvnw and E. TtlmcOeia the fertile ahools appear in the spring 
before the barren ones and are devoid of chlorophjll while the barren ones are 
green. £ pUvttre p^ 1L6) Ixmonm, kyemdU, &c, bear their spikea at the 
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eJrtremity of ordinary green branched or unbranched slioots. E, sylvatieum 
produces fertile shoots which, till the spores are ripe, perfectly resemble those of 
E. arvense which are devoid of chlorophyll, bat afterwards they bear green lateral 
shoots, in consequence of which they come to be very similar to the 'Sterile stems. 



■^^ 



Class VII.— LYCOPODINiE. 

The leaves are for the most part smally the fertile leaves often 
confined to a partictdar region of the stem. The sporangia, which are 
developed from groups of cells, are almost always bo7me in the axils of 
the leaves or dose to the bases of the leaves on their upper sides. 

Order 1. LToopODiBiE. 

The spores are all of one kind, the prothallium large and indepen- 
dent. The sporangia are oidgrowths from the bases of the leaves and 
are situated in their axils. The stem grows greatly in length and 
bears numerous leaves which are tery small in proportion. 

The prothallium of Lycopodium is a subterranean mass of tissue 
of considerable size which bears archegonia and antheridia. 

The stem of the spore-bear- 
ing plant grows greatly in 
length : it usually creeps on 
the ground and branches in 
various planes in an apparently 
dichotomous manner. The 
intemodes are short, the leaves 
are closely placed in a scatter- 
ed spiral, or they are decussate. 
The roots branch dichoto- 
mously. The sporangia origi- 
nate from the tissue of the 
upper surface of the fertile 
leaves and project outwards. 
The fertile leaves, in some 
species, e.g., Lycopodium 
Selago, exactly resemble the 
sterile ones; in others they 
differ from them and are not 
green : in this case they form a sort of spike which in L, davatwn 
grows on a stalk bearing small leaves (Fig. 127 s). 




Fio. 127. — ^Portion of Lycopodium clavatum^ somewhat 
smaller than nat. sice ; «, the fructification. 
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L. davatum and onnDtuiunt are the coinmoneBt specleB which occnr in onr woods. . 
The exotic genera TmesipteriB, Phflloglossum, and Fsilotum (which has no true 
roots) differ considerably from Lycopodium in their habit, but are as yet imper- 
fectly known. 

Order 3. , .Selaqinelle^. 
The spores are of two kinds; the macrosporangia each contain 
four macrospores, the mterogporangia, a great number of microspores ; 
hoth forms of sporangia are situated in the axils of the leaves. The 
prothallia are small and project but little from the spoi-es. The stem 
grows considerably in length and bears numerous short leaves. 

The gernis Selaginella has some estemal resemblance to Lycopo- 
dlum ; the stem branches dichotomously, but always in the eame 
plane, aud often forma a highly complicated branch-system. In some 
species the stem creeps on the ground, in others it is upright and 
even shrubby. The intemodes are short, and bear short somewhat 
rounded leaves which are usually inserted in four rows and have 
different forms on the two sides of the stem, so that each pair of de- 
cussate leaves consists of a lai^e inferior leaf and a small superior leaf 
(Tig. 128 M and o). At the base of 
each leaf there is a small membranous 
ligtile. The roots branch dichotomously 
in alternate planes at right angles to 
each other. The sporangia are situated 
in the axOs of the fertile leaves which 
sometimes differ somewhat in form 
from the sterile ones. The micro- 
sporangia are usually h^er up on the 
shoot than the macrosporaugia. Each 
Pio. 12S.— S(iD(ni«i(o Kdvttica (nat. of the latter Contains four macrosporea, 
^y. , tha ui^ght (ertik .boot with for only one of the numerous mother- 

sporangia Iti the UKlla or thfl Ifaviw. *" 

Od the procumbent steiiie ihonts tbe colIs divides into four daughter-cells 

leatea on the underelds (k) aro larger yf]n\(.]n aj^ developed iuto macrOBpOreS. 
than ttose on tbe upper side (o). '^ ' 

The prothallmm is formed in the 

macrospore, just beneath the apex, whilst it is ripening : subsequently, 
when the spore germinat«s, the prothallium protrudes from the apex 
of the spore, the wall having ruptured along its three angles, and 
it there bears one or more archegonia. The rest of the cavity of the 
spore is then filled with a tissue which may be termed the endosperm. 
{Fig. 118, see below, page 164.) 

In the microspore the prothallium is only rudimentary ; it is 
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represented by one cell, which undergoes no further changes, whilst 
from the others the mother-cells of the antherozoids are formed by re* 
peated division. 

Selaginella helvetica^ with a creeping bilateral stem, grows in mountainous 
districts, on walls and on the ground. S, Krauasiarui is frequently cultivated. 
'S'. spinulosa, with a stem covered with several rows of leaves, also occurs in 
mountainous districts, and has all the appearance of a small Lycopodium. 

Order 3. Isobtele. 

The spores are of tioo kinds ; the macrospores are numerous in the 
macrosporangia. Both kinds of sporangia are situated at the bases of 
the leaves on their upper surface. The prothallium is small and 
projects hut little from the spore. The stem remains short and bears 
numerous long leaves. 

The genus Isoetes includes aquatic plants which live at the bottom 
of lakes, &c. The stem is short ; along two or three longitudinal lines 
on the stem' a considerable growth of the cortical tissue forms pro- 
jecting wings, between which the roots are produced. The leaves, 
which are numerous, have a well-developed sheath separated from the 
long and narrow lamina by a pit, the fovea, which bears a ligule on 
its upper margin. 

The sporangia are situated in this pit ; the macrosporangia occur on 
the outer leaves, the microsporangia on the inner ones. Both sorts 
of sporangia contain cellular filaments among the spores. 

The development of the prothallium is similar to that of Selaginella. 

Isoetes lacustris and other species occur in lakes where the water does not con- 
tain much lime. 



GEOUP IV. 

PHANEROGAMS. 



The most conspicuous character of this group is the formation of 
seeds, which are produced, in consequence of fertilisation, upon the 
plant itself and are detached from it only at maturity. The seed 
contains enclosed in its coat or testa, the embryo, that is to say, the 
ypung plant. This is usually already so far developed that stem, 
leaves, and root are formed to a certain extent, so that, after a period 
of rest, it at once developes, at the time of germination, into an indivi- 
(J.tiaJ .resembling its parent. Besides the embryo, the seed usuaJlly 

11 
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inclodea a tissue, called the endosperm which in many orders is 
absorbed bj the embryo at an early stage before the seed ia ripe, and 
in a few others is never developed at all 

In the Vascular Cryptogams the structures which are thrown off 
for the purpose of reproducing the plant are unicellulax spores which 
more or less directly give rise to the sexual or^ns ; but in the Phane- 
rogams, fertilisation takes place upon the plant (sporophore) itself, 
and the structure which is thrown off for the purpose of reproduction 
is an embryo invested by patta of the parent plant. 

As in many of the Vadcnlar Cryptogams (Equieetum, many Sela- 
ginelleffi and Lycopodieee), the spore-bearing leaves differ in form from 
the foliage-leaves and are collected together on certain regions of 
particular shortened axes, so in the Phanerogams the reproductive 
organs are borne on modified leaves which are collected together at the 
apex of a shortened axis. This shoot, the leaves of which bear the 
reproductive oi^ans, is called the Flower. 

The most important organs of 
the flower are the atamsTig, bearing 
the pollen-sacs in which the male 
reproductive cells, the pollen-grains 
i {Fig. 129 p), and the 
I carpels, bearing the ovtdes, within 
which the oo^here is enclosed 
(F^. 129 E). 

The stamens, regarded collec- 
tively, form the andraecium of the 
flower, and the carpels the gy- 
fuBcium. In addition to theee, the 
flower includes other foliar oi^ans 
which, however, are not directly 
Fio.iM.—DiBgiam of ft Flower. Ki. Ciiyi. concerned with reproduction : these 
pou™-«™ in «ch half, wbici,.™ opened, form the i>man(A (lig. 129 ffe .K). 
showing the poU6n-giaina()i>TheBs(»u on the When these throe sels of oi^ns 
^ are all present in a flower, the 
' perianth is always Bituat«d most 
™^^™«; "■■ ™ ™""'"™- '■ "" externally, that is. at the lowest 
level upon the floral axis ; then 
comes the andrcecium, and finally, nearest to the apex of the axis, 
the gynoBcium. 

The pollen-grains are formed in the pollen-aacs by the division of 
1 mother-cells into four. In the Angioeperms, the pollen-giun ii 
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nnicellulaT, its wall conaista of two layers, an external, the extine, 
which ia firm and often covered with asperities, an internal, the intijie, 
which is very thin. The pollmi-tube, by means of which fertiliaation 
is effected, conaiats of the inline and the contents of the grain : it 
grows out through the ruptured estine. In the Gymnosperma the 
pollen^rain conaiata of aeveral cells surrounded by a common extine. 

The pollen-grains correspond to the microspores of the higher 
Vascalar Cryptf^Hms, The fact that they are multicellular in the 
Gymnosperma recalls the rudimentary prothallium formed in Selaginella, 
but DO formation of antherozoida takes place. The pollen-sacs 
correspond to the microsporangia, and the whole atamen to a leaf of 
Selaginella bearing a micros porangium. 

The carpels are either open, bearing the ovulea on their surfacea 
(Gymnoapertns), or they form a structure in which the ovules are 
contained, the ovary (Fig. 129 F), which, when mature, is the^ruti 
(Angioaperms). 

The Ovule consiata of three parte — 

1. A stalk, called the funide, by which it is attached to the parent 
plant (Fig. 130/). 

2. One or two coats the s»(^am«ni« (Fig. 130 ai it), which do not 
completely close at the anterior end, but leave a ahort canal known lui 
the micropple (Fig. 130 m). 

3. A central cellular mass, the miclevs (Fig. 130 k). 




According to the relative position of these three parts the following 
forms of ovules are distinguished : 

a. Atropous or orthotropous, when the nucleus liea in one and tha 
same straight line with the funicle which ia usually short. 

6, ATtalropoiu, (Fig. 130 B), when there is a curvature at the point 
of attachment of the nucleus with its integuments to the elongated 
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funicle {raphe) ^ the integuments coalescing with the raphe (Fig 130 5 r). 

c, Gampylotropous (Fig. 130 0), when the nucleus with its integu- 
ment is curved on itself. 

One cell of the nucleus increases greatly in size and constitutes the 
embryo-sac, within which, at the anterior end of the ovule, (that is to 
say, the end at which the micropyle is situated), the oosphere is situated : 
in Angiosperms this cell is developed directly by free ceU-formation, but 
in Gymnosperms it is formed indirectly in a special organ, the 
corpuscvlum. 

Fertilisation is eiBfected as follows ; a pollen-grain falls either 
directly upon the micropyle, as in the Gymnosperms, or on to the apex 
of the ovary which is specially adapted to receive it, and it then 
throws out a long tube, known as the pollen-tube (Fig. 129 ps). 
This extends to the oosphere (Fig. 129 j&) through the micropyle, 
and the oosphere is fertilised in consequence of the contact. The 
result of the fertilisation is that this cell becomes surrounded by a 
membrane and begins to grow towards the interior of the embryo-sac, 
forming a row of cells, the suspensory of which the inferior terminal cell 
forms the embryo by ceU-division. 

In addition to the oosphere, a tissue is developed within the 
embryo-sac, the endosperm^ which in the Gymnosperms is formed 
before fertilisation, in the Angiosperms not until after it. It usually 
originates by free cell-formation, isolated cells being formed, in 
considerable numbers which, as they grow, come into contact and then 
multiply stiU further by division. In rare cases (e.g., Alismaceae) the 
formation of endosperm does not take place. In many plants the 
endosperm is displaced and consumed by the developing eipbryo, so 
that it has disappeared by the time that the seed is ripe. 

In contradistinction to the endosperm, the term perisperm is.applied 
to the cellular tissue which is contained within the ovule, but which 
lies externally to the embryo-sac : it is in fact a permanent portion of 
the nucleus, and it is found in relatively few families of plants. 

The comparison of the female sexual organs and of the modes of .fer- 
tilisation with those of the Vascular Cryptogams is somewhat difficult,, 
and will be entered upon when the Gymnosperms are being considered. 

The embryo as it is contained in the ripe seed, usually exhibits 
distinct differentiation into stem, leaf, and root This first root (Fig*: 
131 iD)^thQ primary root — lies in the same straight line as the stem 
which is very short. At the opposite end the stem bears the first 
Ifeaves (Fig. 131 c) which are usually strikingly unlike the leaves of 
kter growth andv.are knowjl as .cotyledons or seed-leaves. Sometime 
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the next leaves are distinctly visible forming a terminal bud and these 
constitute the plumule. 
The portion of the stem 
which lies below the coty- 
ledon is the hypocotyledon- 
ary portion (Fig. 131 III 
he); it merges gradually 
into the rout, and the two 
t<^ether are designated as 
the radicle. The internode 
nest above the cotyledons 
is the epicotyledonary por- 
tion. The embryo always 
lies BO in the ovule that 
the apex of the primary 
root is directed towards the 
microp}'le; on germination 
the root grows out through 
it. The integuments of 
the ovule constitute the 
ieata of the ripe seed, and 
occasionally during the 
ripening process another 
outer integument is formed, 
known as the arillus. 

All flowers do not con- 
sist of the three parts 
above-mentioned, the peri- 
anth, the andrcecium, and 
the gyncecium ; the peri- 
anth for instance, is absent 
in many flowera. Those ttwugh the middle of the »«i : ; 

d 1. ' 1 ' 1 3 i_ 1 CommeuMinent of germliuti^-, , „ — 

flowers which include both root ///. ComplBtlon or genalnBtion, alter Urn ei 

male and female oraans are 'i*™ "^ '*«'' sbwbed (Uie i 

,, , , I J., suTfuce, and wu thsrslon 

called hermaphrodite, com- ^^^ y,, ^^^^ ^agui to gTo»> 

monly indicated by the t""* *«"» (•>■ ^- Tha Miiio»i«nn ty, ona nui w uu 

^ , , ,, teita luTtoig bsaa remoTsd. C. Longitudinal lection 

ogn ? ; but there are ^ „,. «.d.,«n ..d m,i»!» «. t™..™ ».«■, 

many plants in which »* '^ eommBnoeineiit of gmnliutlon; c, the rftylB- 
e A.L a t' doDB ; V, the prlnury root ; x, the «abT70-no piuhad 

some Of the flowera (irre- ^ttvUiT-^-r^i^B,: /^.hjvocUjiJo^^poMo^ 

Spectively of the perianth of tlu ■>>■ : <^, ■aoomUi? raot ; r, red membmu 

which may be present "i^"" «i» '>»«i «"■ 
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pr absent) possess male organs only, and others female organs 
only. Such flowers are called didinotis or unisexual, the former 
being male ( (J ) and the latter female ? . "When the flowers of 
both sexes are united in one individual plant it is said to 
be monoecious, but when they occur on distinct plants, the plant is 
said to be dioecious ; it is permissible in that case to speak of male 
and female plants. When the same plant produces both hermaphro- 
dite and unisexual flowers, it is said to be polygamous. 

Plants of which the individual perishes after once producing flowers 
and seeds are termed monocarpotis ; in rare cases several or even 
many years elapse before the blossoming occurs, e.g., Agave americana. 
More common are annuals (indicated by the sign 0) i.e., plants 
which complete the whole course of their development in the course 
of a single year, e.g., Wheat; or biennials (0), plants which do not 
blossom till the second year of their growth and then perish, e.g., 
Cichorium. By polijcarpous plants are meant those of which each 
individual produces flowers and fruit repeatedly, year after year ; trees 
and shrubs are thus perennial and have subaerial woody stems or 
trunks, and there are perennial herbs and plants which have under- 
ground rhizomes, tubers, &c. 

The group of Phanerogams falls into two divisions, the first con- 
taining only one class, the second two classes. 

A. Gymnospermce, The ovule is naked, that is to say, it is not 
enclosed in an ovary, but is attached to a carpellary leaf or simply to 
the axis of the flower. The endosperm is developed in the embryo- 
sac before fertilisation ; the oosphere is situated within a special 
organ, the corpusculum. The pollen-grains are multicellular. 

Class VIII. Gymnospermce, 

B, Angiospermce, The ovule is enclosed in an ovary ; no endo- 
sperm is formed in the embryo-sac before fertilisation, and the oosphere 
is formed by free cell-formation. The poUen-grains are unicellular. 

Class IX. Monocotyledones, The embryo has but one coty- 
ledon, and the ripe seed usually contains much 
endosperm. 

Class X. Dicotyledones, The embryo has two opposite coty- 
ledons, and the endosperm is frequently all absorbed 
before the seed is ripe. 
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Class VIII.— GYMNOSPERMiE. 



The ovule is not enclosed m 
open carpel, or to the aids, no 



an ovary ; it is attached either to an 
sarpel being prenent. The endosperm u 
formed in the embryo-sac before fertUisatton, and the oosphere i« 
developed in a special organ, the corpuseidum. The jKiUen-grains are 
mvliiedhdar. 

The flowen are always diclinous, frequently dioecious and almost 
always without a perianth. The male flowers consist of a prolonged 
axis on which numerous stamens are inserted. These are Bometimes 
peltate, like those scales of Equisetum which bear the sporangia, but 
Bometimes they have a greater resemblance to an ordinary petiolate leaf. 
They bear on the inferior surface two or more separate pollen-sacs 
(Fig. 132 A a), which open longitudinally so as to allow the pollen 
grains to escape. These always consiat of at least two (Fig 132 B) 
and often of several cells, from the lai^est of which the pollen-tube is 
developed. In the course of this procesu the extine is usually ruptured 
and shed, but in some rare casea, e.g., in the Cycadese, it is pierced by 
the pollen-tube. 




B. PoUen-gnln blthly 



(amagnlfled dlagnm) m mlcro- 

i, lut^ummt ; k, Ducleiu ; t, 

b^DKkofthacoipiuculuni ; 

flUlng tbe embzyo^ui ; p, 

-gislm ; 9, the tuboL 



Uiflooflpbfln 
non (M) ; i, intlne : », tae csu irom nMcli Uk t, taiamxi 
poUlB-tube grow* (ajtv Sachi) 

The female flowers are usually prolonged axes which in some cases 
bear carpels upon which the ovules are inserted, and in others, bear 
the ovules directly, carpels not being pieeent. The carpels ar^ 
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frequently closely packed around the ovules, but they do not form an 
ovary. 

The ovule is commonly orthotropous, with a very short funicle and 
having but one integument. The nucleus is large and the embryo-sac 
is at some distance from the micropyle (Fig. 133 c) ; the sac becomes 
filled with endosperm in which, at the anterior end, several corpuscula 
are developed (Fig. 133 c). Each corpusculum consists of a neck 
(Fig. 133 h)f which is formed of one or of a small number of small 
cells, and of a large central cell, the oosphere (Fig. 133 c). From the 
structure and an'angement of these organs it may be seen that the 
Gymnosperms occupy an intermediate position between the Phanero- 
gams and the higher Cryptogams. The embryo-sac corresponds to the 
macrospore ; in this case it gives rise to a prothallium (the endosperm) 
without becoming separated from the parent-plant ; on this prothallium 
several archegonia (the corpuscula) are produced. The pollen-grains 
correspond to the microspores, but they do not here give rise to 
antherozoids. The pollen-grains are borne by the wind to the micro- 
pyle ; they are conveyed through it by the fluid there secreted to the 
nucleus, and they penetrate its tissue by means of the pollen-tubes 
which they protrude ; each tube makes its way through the neck of a 
corpusculum, coming into contact with the oosphere which is thus 
fertilised (Fig.. 133 s). The fertilised oosphere elongates downwards, 
forming a suspensor bearing the embryo at its inferior extremity. 

The ripe seed always contains endosperm in the midst -of which 
the embryo lies longitudinally, its root-end being turned towards 
the micropyle (Fig. 131 y). The stem bears two or more coty- 
ledons arranged in a whorl (Fig. 131 c). 

The class contains the following three orders : 

1. CycadecB, The trunk is rarely branched, or not branched at 
all ; the leaves are large and much branched. 

2. ConifercB, The stems are much branched, the branching being 
axillary and monopodial ; the leaves are very small and entire. 

3. Gnetacece. The habit of these plants is various ; they distinctly 
approach the Angiosperms in the character of their flowers. 

Order 1. CYCADELffi. 

The stem slightly branched or not at all; the leaves large and 
branching. 

The CycadesB are plants which, in many particulars, have affinities 
with the Ferns, while,, on the other hand^ in external appearance they 
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resemble the Palms. The stem is tubercular or cylindrical, and 
thickly aet with leaves. The leaves are of two kinds — some being 
scale-like, brown, and dry, closely covering the stem, the others being 
green, pinnate, and of a leathery consistency ; these last are produced 
annually, or at a longer interval, and form a magnificent crown at the 
apex of the stem. 

The flowers are produced terminally at the apex of the stem, the 
male and female flowers being home by different individuals. The 
male floweia conBiat of an axis which bears peltate stamens, having 
the, pollen-saca on their inferior surfaces ; they somew:hat resemble the 
spikes of sporangia of Equisetnm. The female flowers are for the' 
most part cone-like ; the axis bears numerous carpels ; on the inner 
side of each carpel there are 
two orthotropoUB ovules (Fig. 
134 B). In the genus Cycas 
the female flower is composed 
of a rosette of leaves, each of 
which is formed like the foliage 
leaves of the plant, only that 
it is much smaller and bears 
ovules in the place of the lower 
pinnte (Fig, 134 A). In Cycas, 
too, the axis of the plant con- 
tinues to grow after the produc- 
tion of the flower. 

The ovules have an inl«ga- 
ment which becomes succulent 
at maturity, and they acquire 
a considerable size. Those of 
Cycas are as large as a plum 
even before fertUieation, 

The embryo has two coty- 
ledons which do not escape from the seed on germination. 

The CycadeiB ars natives of tropical America ; they occnr— fewer in number — 
in South America and tropical Asia, Cycaa revolula and eircinalU, Zamia mur^ 
tola and Dum tdale are often grown in hothouses. 
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The elem. branches extensively from the axils of the leaves, bid wjrf 
from alL The leaves are entire and relatively small. 



170 FABT IT.^-THE CLABBIFIOATIOM OP FLAKT8. 

This order includes the Pines and Firs which are abnndant in tern- 

perate climates. A conspicuous feature in their habit is the 
regularity of the monopodial branching of the stem. In the structure 
of thcii tissues they exhibit afiiuity with the Dicotyledons; the 
trunk increases in thickness, as it does in the Dicotyledons, by means 
of a ring of cambium ; the secondary wood, however, contains no 
vessels, hut consists entirely of wood-cells (tracheides), the walls of 
which bear pecuhar bordered pita (v. Fig. 42). 

The male flower consists of an elongated axis covered with stamens, 
which are peltate, and bear two or more pollen-sacs on their inferior 
surfaces (Fig. 132.4). 

The structure of the female flower differs considerahljr in the various 
families, and in some has not yet been accurately investigated. 

The embryo has a conspicuous primary root which grows persistently, 
and two or more cotyledons which escape from the seed and unfold on 
germination (F^ 131). 

Sub-order 1. Taxini*. The 
ovules are perfectly naked, there 
being no carpels. The flowers 
are always dicccioas; the embryo 
has two cotyledons. 

Taxu^ bacaiia is ths Y«w ; the 
ovules occur siDKl; at the end of very 
short bmuches (Fig. 135 Bj, nhich 
bear nnmeroas bracts. The fertilised 
Uon "^^ dariog its mstaration becomes 
I'^^frlfte'b^'whid.imi sniTonndad by an arillua (Fig. 136 
irtlllTlilbta&tUielMHof ths fruit; j. thenppa- A /), which, when it is ripe, ia red 
nmtly tsnnliul ovule, with (i) ths lol^umsnt ; and fleshy. The leaves, which are 
™. mioopyls ; * ducIsu. ; a a the radtoent ol .^| ^^„„^ project on two sidss 
the BriUua, which BuDsequently g"w» up round / xt ^ I a ^ j - 

^^ ig^ from the stem, and are flat and acica- 

lar, light green upon the Qcder anrfaM, 
but destitute of white stripes ; by this the tree is at once distinguishable fWtm 
the Silver-Fir, which resembles it in habit. Saluburya adianii/olia (OinJcgo 
bilj^ba), which growa in Chins and Japan, has broad wedge-shaped leaves, with 
palmste venation. Phyllcwiadufl has flattened phylloid branches. 

Sub-ordet 2. Ar^vcariaces. The female flower is the well- 
known cone of theFjra and Fines, consisting of an axis (Fig. 136 B^) 
bearing scales (Fig. 136 c), arranged spirally or in whorls, which are 
the bracts. In the axjl of each of these bracts there is a second 
scale, the caipellary scale, which usually bears two or more ovules 
(Fig. 136 sk). The relation of these two scales to each other has. 
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been explained in a variety of ways. The view here followed is, 
that the caipelleiy scale represents the axillary branch of the bract, 
consisting of an axis bearing 
two carpels which are luaed 
with it, and which bear the 

In some genera (Pinas, Juni- 
penis), the eeed takes two 
years to come to matwrity ; 
in the first yeat, the pollen-tube 
penetrates only a short distance 
into the tissue of the nucleus, 
and it is not till the following 
year that it reaches the embryo- 
eac and fertilises the oosphere ; 
the embryo at once begins to 
develope. 

The embryo has from 2 to 15 
cotyledons (v. Fig. 131 c). 

This Sub-otder may be di- 
vided into the following four 



I. lit.—Aiia patinata. . 

the caipaUary Bcata (<) beerli 
(m^^lAod]. E. Upper part of 




Fam. I. Abietinees. The 
cnrpellary scale is coherent with 
the bract only at the base ; the 
micropyle of the ovule is 
directed downwards ; the ar- 
rangement of the leaves and . 
scales is spiral 

The flowers are i 

there ore two ovules at the base Urgei^-dec eloped carpBiiary bcbIsh. c. a ripe 
of each carpellary scale; the ™n»ii«ry "foio- ""n the two Meds («);/, tha 

,, ^ . ■', ', "Ing of tho >eed («du«d). 

npe seed has wmged appentlages 

springing from the surface of the carpellary scale (Fig. 136 Cf); 
the pollen-grains have usually vesicular expansions of the extine 
(v. Fig. 132 B bl) filled with air. 

The genuB AMes haa fl&t carpellary scales ; the seeds ripen inaeingle year; the 
leaves, which persist for several years, are arranged spiially only on the elongated 
shoots. In most species the persistently growing stem bears well-developed, 
lateral brsnches in the aiils of the leaves belonging to the upper portion of each 
year's growth, and less well-developed branches inegularly in the axils of leaves 
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lower down. The primary branches all developein the same manner ; the develop- 
ment of branches of a higher order takes place especially on the two sides of the 
nearly horizontal primary branches. 

The male flowers are developed in the axils of certain leaves of the shoot 
produced in the previous year. 

In the sub-genus Abies, in its restricted sense, the Firs, the acicular leaves are 
flat, with two margins, and are marked with white streaks upon the under sur- 
face ; the cone stands erect in the axil of a leaf borne by a shoot of the previous 
year, at some distance from its apex ; when it is ripe, the bracts and carpellary 
scales- fall off, together with the seeds, from the axis which persists for a time. 
To this genus belongs Abies pectinoUaf the Silver Fir, the emarginate leaves of 
which stand out in a comb-like manner from the branches. A. cepJialonica, 
which grows in Greece, and A. piiisapOf which grows in Spain, both have pointed 
leaves. In the sub-genus Picea, including the Spruces, the leaves are prismatic 
with four angles ; the cones are developed at the apex of the shoots of the 
previous year, become pendulous after fertilisation, and, after the shedding of the 
seed, drop off entire. To this group belongs Abies excelsa, the Norway Spruce. 
The sub-genus Tsuga (peculiar to North America), has cones like those of the 
Spruces and leaves like those of the Firs, and branches arranged in whorls, though 
this is not always evident, as in A. canadensis (the Hemlock Spruce) and A, 
Douglasii. 

The cones of the genus Larix, the Larches, resemble those of Abies ; the leaves 
persist through one season only ; they are arranged spirally on the elongated 
branches, and in a fasciculate manner on the dwarf-shoots which are developed 
in the axils of the leaves of the elongated bmnches of the previous year ; these 
dwarf-shoots grow but slightly every year, but they may be transformed into 
elongated branches. The male flowers, as also the cones, are situated at the apex 
of the dwarf-shoots. The branches are not arranged in whorls but irregularly. 
L. europoea belongs to the Alps and the Carpathians \ other species are found in 
Siberia and in North America. 

The genus Cedrus, the Cedars, differs from Larix in that the leaves, which are 
arranged in the same way, persist for more than one year, and in that the seed 
takes two years to ripen. C. Libani occurs in Asia Minor, and C Deodara in the 
Himalayas. 

In the genus Pinus, the Pines, the carpellary scales have a thickening at their 
free ends, presenting on the exterior a rhombic surface, the apophysis. The seed 
takes two years to ripen. The green leaves, which persist for several years, are 
borne 'in groups of two, three, or five, on dwarf-shoots which bear cataphyllary 
leaves at their bases, which do not elongate, and which are borne in the axils of 
the scaly leaves of the elongated branches of the same year. The primary 
branches are arranged in false whorls near the apex of the shoot of any one year, 
and the branches of a high order are also arranged in this manner. The male 
flowers take the places of the dwarf-shoots at the base of an elongated branch 
of the same year ; they are closely packed. The cones take the . places of the 
whorled branches near the apex of the elongated branches of the same year. 

In the sub-genus Pinaster, each dwarf-shoot bears only two green leaves ; the 
apophysis is rhombic, the seed is winged. To it belong P. sylvestri^, the Scotch ' 
Fir ; the cones are borne upon short stalks and bend downwards ; the winter-buds 
are rounded : P. montaruif occurs in the Alps ; the stem is usually procumbent, - 
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but lometimes erect ; the cones are senmh and an placed horuiODtallf : P. 
Larieio, occurs in southern Europe, and bss pointed vinter-buda ; P. Pinea, ia tbe 
Stone-Pine of the «outh of Europe ; the seeds are large and edible, nitb small 
inngs. The North American snb'ftenns Tseda differs from the preceding in that 
the dwarf-shoots bear three leaves. In the sub-genus Strobns, including Piniw 
StTobia, the Wejmoath Pine, the dnorf-shoots bear hve leaves ; the apophjrsii 
is semi -rhombic, and the seed is winged. The Gub.genus Cembra, finally, has a 
large wingless need, and its cones fall to pieces ; to it belongs Finia Ccmbra, the 
Siberian Stone-Pine, occurring iu monntainoos districts such as the Alpa and 
Carpathians. 

Fam. 2. Araueofiew. The carpellary 'scale is completely fused 
with the bract ; the micropyle of the ovule is directed downwards ; 
the leaves and the scales of the cones are arranged spirally ; the ovulea 

are completely enclosed by the scales; they are trees with very regular 

branching; brarches in whorls, 
jiraucaria imbrieata occurs in Chili ; A. txalaa on Norfolk Island. Dammara 

arienUdis in the East Indies, furaishes the Dammar resin. 

Fam. 3. Taxodiem. The carpellary scale is completely fused 

with the bract ; the micropyle of the ovule is directed upwards ; leaves 

and scales arranged spirally. 

Taxodiam diatiAum, the Deciduous C^resa, 

grows in awamps in the Uuttad States. H^eUing- 

Ionia gigaiUea (or Sequoia) is the Califomian 

Rne, remarkable for ita enormous size and for 

the great age which it attains. 

Fam. 4. Cupressine<B. The carpellary C ^ 

scale is completely fused with the bract ; 

the micropyle of the ovule is directed 

upwards ; the leaves and scales are ar- 
ranged in whorls. 

The leaves are arranged in whorls of 

two 01 three, and at their bases are con- a f 

tinuous with the cortex of the branches. 

The scales (consisting of the fused bract Junipttu satina, h«i trom 

and carpellary scale) of the cone bear two ^""^'U/J' "T ^"'' '"Z"^'" 

r J I eaca beanji^ two ovulea (*) 

or more ovules on their inner surface at Uie two upper ei^hie bchib 

the base. In /«ni>«T«c(mimwnM and allied '^^(^ ^^^^^2^^"' '"" 

species, each scale bears only one ovule, ///, the uir» icaiea (Um ai 

placed somewhat to one side, on ita inner ""* turnod dow« 

surface ; so that it appears as if the three pjaot - tie Uime i 

ovules alternated with the three scales, iw diBtiagunhod. 

The flowers are moncecious or dicecious. The embryo usually has 

ijnly two cotjledons. 




<a of the »>in( 



174 PART IV. — ^THB CLASSIFICATION OP PLANTS. 

In Janiperus (dicecloas) the scales of the cones become succulent when ripe and 
cohere to form a berry. In the sub-genus Oxycedrus (to which J. communis^ the 
the common Juniper, belongs), the leaves are arranged in whorls of three ; in 
accordance with this the cone bears three scales. In the sub-genus Sabina (to 
which J. Sabina-y J. virginianay and others belong), the leaves are arranged in 
whorls of two ; in these the cone bears two scales (Fig. 137 A), Thuja occiden- 
talis, from North America, is commonly cultivated. The scales of the cones 
become woody and the fruit opens like a capsule ; the seed has a narrow wing. 
The decussate leaves project but little from the surface of the branch, and bear a 
protruding resin-receptacle. The ultimate shoots branch only in one plane, and 
thus come to resemble branched leaves. Biota orientalis, from China, is similar 
to the preceding, but the seed is not winged, and the linear resin-receptacles are 
imbedded in the leaves. Cupressus sempervirens, the common Cypress, has 
peltate stalked scales on the cones. This is also the case in Chamsecyparis, to 
which many ornamental shrubs belong. 

Order 3. Gnbtacb-B. 

The GnetacesB dijBFer from the Coniferas in that both the ovules and 
the stamens are provided with investments which more or less resemble 
the perianth of Angiosperms. 

Ephedra distachya is a shrub occurring in Southern Europe ; it somewhat 
resembles an Equisetum, for it has long erect branches and small leaves arranged 
in whorls, and coherent so as to form sheaths at intervals round the stem. The 
flowers are dioecious. Welwitschia mirabilis is a remarkable plant peculiar to 
Western Africa ; it has a very short, thick stem, somewhat resembling a very 
large beetroot, and two large foliage-leaves, in the axils of which dichotomously 
branched inflorescences are developed. 



DIVISION B. 

ANGIOSPEEMiE. 

Tlie ovules are enclosed in an ovary. The endosperm is formed in 
the embryo-sac, after fertilisation, by free cell-formation. The pollen- 
grains are unicellular. 

The flowers are for the most part hermaphrodite. The axis of the 
inflorescence is usually expanded, forming a receptacle or torus on 
which the closely packed floral leaves are arranged either in whorls or 
in spirals. Each of the three sets of organs — the perianth, the 
androecium and the gyncecium — when the arrangement is spiral, 
forms one or more turns of the spiral ; when the arrangement is 
whorled, each consists of one or more whorls. 

The growth of the axis of the inflorescence (excepting in certain 
abnormal instances) terminates in the production of the uppermost 
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sniaa of floral leaves. Buda never occur in the axib <tf theae leaves, 

except in the case of moostrosities. The portion of the axis below the 
flower is usually prolonged and is called the peduncle, it is conunonly 
furnished with one or more bracteoles {prophylla). When the peduncle 
is very short or euppressed the flower is said to he eeasile. 

The Perianth is completely absent in comparatively few families, 
e.g., Piperacece. In moat it consists of two series of organs differing 
in their structure and texture, the outer, called the ealyx, composed 
of the sepals, and the inner, caDed the corolla, composed of the petals. 
The Sepals are usually firm in structure, of a green colour, and small 
in size ; the Petah are more delicate, and are white or coloured, e.g. 
Rose, Geranium, Rax, In many cases one or other of these two series 
is wanting, although it is well developed in allied plants : thus the calyx 
is wanting in the CompositEe, and tbc corolla in Caltha and Daphne. 
In the latter case the calyx usuajly assumes the texture of the corolla, 
it becomes petaloid. Other plants have a simple perianth, one, that is, 
which does not present any distinction of calyx and corolla, when it 
is spoken of simply as a perianth. It is usually sepaloid (Stinging 
Nettle), more rarely petaloid (Aristolochia), The individual leaves 
of the perianth may be either perfectly separate (eleut1ieropet<doiu or 
polypetalous corolla, deid!ieroaepal<ms or polysepalow calyx), e.g., 
Ranunculus ; or they may 
cohere from the base up- 
wards so as to form a 
longer or shorter tube 
which divides at its upper 
end into as many teeth or 
lobes as there were origin- 
ally leaves), gamosepalo'Ui 
calyx, gamopetalous co- 
rolla (Fig. U8 A B C c 
and B k) ; e.g., the Prim- 
rose and the Tobacco 
plant : in Dianthus (the 
Pink) the sepals alone are 
coherent, as also in ^^ ,M.^^„„t ^^ , 

Daphne (Fig. 138 D) ftm»JtnJK.anmuij,wllhafunn 

wherethecorollaisabsent » M»>^t« "JJ"- ' 

.1 . 11 .V 1 '*^' (*):tubul. 

More rarely all the leaves iimb(i),c. Ther 

of the perianth cohere to p»i<™«'»iT>!o[^ps«M'«™.w.r, th« tube n. the umb. 

form one tube, e.g., the Hyacinth and allied genera; the six lobes of 
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the tabe correspond to the three sepals and the three petals. Tha 
simple perianth also may consist of separate leaves (elertthm-opkyUmiS 
or polyphyUom perianth), e.g., Amarantaa, or the leaves may be 
coherent (gamophyllous), e.g., Aristolochia. 

The degree of division presented by gamophflloas perianths into t«etb or lobel 
tB indicated bj the same terma vliich are aaei in describing the inciaiou of the 
leaf-blade (v. page 11). Tho form of the gamopetaloua corolla may be campami- 
tate as in the Campanula ; /umul-ahaped or infundibulifoTm,), aa in the Bind-weed 
(Fig, 138 A) ; rotate, as in the Elder (Fig. 138 c). Tlie upper and lower portions 
may frequently be diatingnished, the lover as the tube (Fig. 138 B r), the upper 
eipanded part aa the limb (Fig. 13S S »). Other peculiarities of form are con- 
nected with the symiaetry of tba flower {v. page 189). 

Tho petal frequently consists of two parts, the claw and the Umh 
as in the Pink (Fig. 139 A B). The Corona (psracorolla) in the 
Narcissus and Lychnis b formed by ligidar outgrowths from the claws 




(Fig. 139 B I). Any segmentation of the petal, as in the Pink (Fig. 
139 A) is unusual ; emarginate or obcoidate petals are more common. 
In many cases the petals have spur-shaped appendages (Violet), or 
they are prolonged at the base into tubes, as in Helleborus ami 
Aconitum. This peculiarity is connected with the secretion of the 
nectar (v. page 184). 

The calictdus or epicalyx is formed by leaves which grow close 
under the trae calyx of the flower; e.g., the small leaves which 
alternate with the sepals in Potentilla (Fig. 139 a) and in Malva. 
In some cases these leaves are the stipules of the sepals, in others 
they are bracts developed close beneath the calyx. Such an arrange- 
ment of leaves close beneath the flower, so that on a superficial view 
they seem to form part of it, is of frequent occurrence; e.g., in 
Atieirume Hepattca. 
;.The Awircecium consists of the male organs p£ the flower, the 
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dtamettd. £ach stamen consists of Iwo parts ; a slender stalk called 
iheflldmeni (Fig. 140 S), and the 6rgan which contains the pollen* 
6acs (Fig. 140 I> p) known as thei antlter (Fig. 140 a), The anther 
consists of two longitudinal halves, each of which usuiJly contains 
two pollen-sacs ; these two halves ate united by the uppei' portion of 
the filament which is known as the cormective^ (Fig. 140 c). This is 
occasionally very narrow, so that the two halves of the anthers lie 
close together (Fig. 140 A^ a) ; in tikis case it may be that the connec- 
tive is not sharply marked off from- the filament, and then the anther 
is simply attached to the upper end of the filament {innate) ; or it may 
be articulated as by a joint, so that the anther with the connective can 
oscillate on the apex of the filament (versatile anther Fig. 140 A^, 
But the connective is often broader so that the two halves of the 
anther are widely separated (Fig. 140 B) ; it may be much elongated 
and very delicate, so that, with the filament, it forms a T-shaped body 
(Fig. 140 C) ; in this plant, the Sage, the further peculiarity is 
exhibited that one half of the anther is abortive and is modified for 
another purpose. It is only rarely, as in H6rb Paris, that the connec- 
tive is prolonged beyond the anther into a point, or into a bristle, ds in 
the Oleander; the two halves of the anther then appear to be 
placed laterally on the filament. 





Fio. 140.— stamen. Ai Of Lilium ; «, fila- 
ment ; a, the anthers. A^ Side view. B. Of 
Tilia : c, connective. C. Of Salvia : 6 is the 
half of the anther that has been modified. 
2). Transverse section of the anther of Hyperi- 
cum (mag.) ; p, the 4 pollen-sacs; c, connective. 

The filament is usually round and 

*0r colourless tissue ; it is occasionally 

the anthers are said to be sessile, 

12 



Fio. 141. — A» Stamen of Allium. 
B. Of Vaceinium myrtilltu. C. Of Paria 
quadrifclia (mag.) ; /, filament : c, 
connective; a, anthers; d, appen- 
dages; p, the pores by which the 
anther opens. 



stalk-like, of a delicate coloured 
flattened ; when it is very short. 



■178 



FAKT IV. — THE CLASalPTCATIOH OF PLANTS. 




In Bome plants, e.g., AUium (Fig. Ul A), the filament haa 
appendages ; in others, e.g., Erica (Fig. 141 B) and AsclepiadesB the 
anthers themaelves are furoiBhed with appendages such as spurs and 
so forth. In certain plants, as Eiciima and Hypericum, the stamens, 
that is to aay the filaments, hranch either, like most leaves, in a plane 
perpendicular to the median plane, as in Myrtace», or in various 
directions, as in Kicinua (Fig. 142) ; 
an anther is home on each of the 
branches of the filament. 

Somewhat similar in appearance but 
eaaantially different in structure are the 
coherent stamens of the PapilionacwB 
and other plants. The stamens of 
each flower may be collected into a 
bundle, cummooly into a tube, or 
into groups of two, three or more, 
when they are said to be mwiO-, 
dir, tri-, or poly adelphottg. The 
anthers and the upper portion of the 
filaments commonly remain free. The 
a mtie Sower oi arrangement becomes highly compU- 
,^, !^."i''. !!°^^ '^^^ when the filaments are at the 
me time coherent and branched, as 
mthBrt («itM a»ch>). in Malvaceee. In the Compositte, 

e.g., the Sunflower and Thistle, the filaments are free but the anthers 
become coherent (sijngenesioue) though they are not originally united. 
Besides these varieties of arrangement it frequently occurs that the 
filaments adhere to other portions of the flower, particularly of the 
perianth, ao that they — or when they are very short, the anthers — 
appear to be inserted not upon the axis of the flower but upon the 
leaves of the perianth {apipctaloui). This condition is most frequently 
present when the petals themselves are connate and form a tubular 
corolla, e.g.. Primula. The adherence of the stamens to the carpels is 
of rarer occurrence, e.g., Orchidacea; they are then termed ffynan- 
•Iroue. In many flowers it happens that certain filaments, occu- 
pying a definite position with regard to the other parts of the flower, 
are longer than the others ; thus, of the six stamens of the Crucifers 
(e.g., Rape and Cabbage), four are much longer than the other two ; 
of the four stamens of the Labiatie (e.g., Lamium), two are longer 
tlian the other two. In the former case the stamens arc said to bo 
tetradynaTnoue, in the latter didj/namtnu. 
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Stamens which bear no anthers and which present to a certain 
extent a leafy appearance are called staminodla ; they occur regularly 
in some flowers (e.g., Canna). Double flowers are produced by the 
assumption of a petaloid appearance by the whole of the stamens — or 
the larger number of them.* In many flowers which have a spiral 
arrangement of their parts, e.g., Nymphaea, there are intermediate forms 
between the petals and stamens so that the passage from one to the 
other is gradual. 

The pollen-sacs are contained in the anthers, two, commonly, in 
each half (Fig. 140 Z> j?) ; more rarely there is only one, or there may 
be four. The pollen is shed by the dehiscence of the anthers, usually 
in considerable quantity. The mode of dehiscence of the anthers is 
indicated by their structure ; some, as in Ericaceae, open by a circular 
pore at the apex of each half of the anther, but most of them have a 
longitudinal slit on the inner side, i.e., the side facing the centre of 
the flower (introrse), or on the outer side (eztrorse). 

When the pollen-grain reaches the 
stigma (see the next section), or if it 
is immersed in a solution of sugar, 
the intine or inner coat of the grain 
protrudes one or more long tubes, 
the pollen-tubes (Fig. 143 s). The 

SI 

spots at which the extine, or outer 

coat, is thus ruptured by the growing ^lo. 143. — PoUeu-grain of Epiiobium 

cell are usually indicated beforehand ^"^^ "Zl^^ " i;°"'«= '• 

•^ cxtme ; t, intme ; a, b, c, the three spots 

by some peculiarity of structure such where the extine is thinner in anticipation 

as a special thinness, or a lid-like ^' *^" formation of the poUen-tube (0, 
^ ' developed in this case at a. 

development of the extine, and are 

also definite in number (1, 2, 3, 4, 6 or more). 

The pollen-grains of Orchids and a few other plants never separate 
but remain united in masses (pollinia) corresponding to the several 
pollen-sacs. 

The Gyncecium or Pistil is always the terminal structure of the flower, 
occupying the apex of the floral axis. Each of its constituent parts is 
called a carpel^ and in the Angiosperms they form the ovaries^ which 
are closed cavities containing the ovules. If in a flower where there 
are several carpels each of them closes by the cohesion of its margins, 

* In other cases the ** doubling" is the result of a multiplication of the petals, 
the androecium remaining unaltered, e.g., Campanula. The so-called doubling 
of Compositse resembles this in its external features only. This will be discussed 
when the Order is under consideration. 
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they form so many ovarids ; the gyiUBciam is then said to be apocar- 
pous, (Fig. 144 A)j e.g., Ranuncalus, Paeonia and Butomas ; if idter^ 
is only one carpel (Fig. 144 B) the pistil is said to be apocarpous andi 



ncv D 





Fio. 144. — A. Apocarpous gyncecium of Aconite. B. Simple apocarpous pistil of MdikylAls 
C Tetramerous syncarpous pistil oi Rhamnus. D. Ovary of Saxifraga, formed of two carpels 
which diverge towards the top ; t, torus ; /, ovaries ; g, style ; n, stigma : b, ventral suture. 

dmple ; if several carpels in one flower cohere and form a single ovary 
(Fig. 144 C),.. the gynoecium is said to be ayncarpoiia, e.g., Poppy 
and Lily. Intermediate forms occur in that a syncarpous ovary 
may be divided at its upper end into a number of loculi corres- 
ponding to the Cfupels (Fig. 144 D). 






Fio. 145.— Transverse section of oimries ; p^ placenta. A. Monoinerous and onilooulor ; 
r, dorsal suture ; 6. ventral suture. B. Polymerous and unilocular. C. Polymerous and many- 
chambered, but unilocular. D. Polymerous and multilocular. 

The ovary is said to be monomerous when it is formed of only one 
carpel (Fig. 145-4), the margins of which cohere on the side opposite 
to the midrib. The side along which the midrib runs is the dorsal 
surface (Fig. 145 ^ r) opposite to it is the line of cohesion, the ventral 
suture, which runs therefore on the ventral surface. The cavity thus 
enclosed is not usually divided by dissepiments, but it is a simple 
cavity as in the Vetch ; such an ovary is said to be umlomlar. False 
or spurious dissepiments formed by an infolding of the inner surface 
occur but rarely. 

When, on the other hand, several carpels cohere to form fin ovary 
it is polymerovs (di- tri- or tetra-merous). This may be unilocular (Fig. 
145 B) when the individual carpels cohere simply by their edges 
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wUrhout any portion of them projecting inwards ; bnt if the margins 
project into the cavity eo u to form lougitudinal diaBepiments the ovary 
is chambered (Fig. 146 O), &g., I'oppy ; hat aince the chamheis are 
open towards the middle tJHe ovary is still unilocular. When the margins 
form dieeepimente which meet in the middle, the ovary is rmdUloeidar; in 
some cases the margins turn ontwards again towards the circumference. 
In these cases the Individual locuU are completely separated, but there 
are others in which the margins of the carpels do not grow so far towards 
the centre at the upper part as at the lower, hut the two margins of each 
carpel simply cohere together ; consequently the Iowot port of the ovarj 
is polymerous and multiloculax, while the upper port is composed of a 
number of monomerous ovaries, e.g., Saxifraga (Fig. \ii D). In all 
these cases the floral axis may grow up into the interior of the cavity of 
the ovary, and when the ovary is multUocular the axis may coalesce 
with the dissepimentB. 

False dissepiments may be formed in polymerous ovaries by 
ingrowths from the internal surface of the carpel ; thus the ovary of 
the Boragineffi and Labiatte is originally bilocular, bat each Joculus 
becomes divided into two by a false dissepiment, and when the fruit 
is ripe the four loculi separate completely. 

When the axis grows, as is usually the case, equally in all parts, 
the gynceciam, being nearest to its apes, is the uppermost patt of the 
flower. When this is the case its insertion is above that of the 
stamens and perianth (Fi^ 14$ //), and the ovai^ is said to be 
E 




1, itigDw : it, omle, 

superwr and the flower hypogynom or inferwr, as in Ranunculus, 
Papaver, Liltum, and Primula ; but in a great number of plants the 
perianth and androecium are raised by the more vigorous growth of a 
lower portion of the axis (as represented by the outer portion of the 
torus) and stand on a circular rim sunounding the apex of the axis 
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which lies at a lower level ; thus the ovary comes to be inferior. Of 
this condition two different forms occur ; in the one, the carpels are in- 
serted in the depression at the apex of the axis (Fig. 146 P), and there 
form one or more ovaries which are only apparently invested by the 
raised rim of the axis, for they are quite free from it, primarily at least, 
though they may subsequently become adherent to it ; in such cases, 
as in the Eose and Apple, the flower is said to be jperigynaus : in the 
other, the carpels spring from the upper rim of the cavity which is 
formed by the axis itself and simply cover it in at the top : such 
flowers are said to be epigynotbSy e.g.. Gourds and Umbelliferse (Fig, 
146 E), Many transitional forms between these two extremes are 
found. 

The inferior ovary of epigynous flowers is rarely monomerous, that 
is to say, the cavity formed by the axis is but seldom closed by one 
carpel only ; it is commonly polymerous, but it may be either unilo^ 
cular or multilocular ; in the latter case, the margins of the carpels 
grow down along the internal surface of the cavity. 

The Style (Figs. 144 and 147) is the slender pro^ 
longation of the upper part of the caipel : monomerous 
ovaries have but one style, polymerous ovaries have as 
many styles as there are carpels; these may cohere 
throughout their whole length or at their lower parts 
only, the upper parts remaining distinct ; or they may 
remain quite free, and they may even branch. The 
^tyle originally arises from the apex of the ovary, but 
it is frequently displaced forwards, by the vigorous 
development of the dorsal portion of the carpel, on to 
the inner side, so as to appear to be a prolongation of 
the floral axis. This is conspicuous in the Boragineae 
and Labiatae, where it is surrounded by the four rounded 
Fig. 147. — Gy- portions of the ovary which have been already men- 

ncBcium of the 

Lily ;/, ovary ; i^, tioucd (page 181, and Fig. 258). The style is some- 
style; w, stiRina times very short and appears only as a constriction 

between the ovary and the stigma, as in the Poppy. In 
some rare cases it is hollow, but it is usually filled with a loose tissue, 
called condiccting tissue, through which the pollen-tube can easily 
penetrate. 

The Stigma (Figs. 144 and 147 n) is the uppermost end of the 
carpel ; it is distinguished by being covered with papillae, or frequently 
with hairs, and by the secretion of a sticky fluid which retains the 
pollen-grains which fall upon it, and which promotes the 
development of the pollen-tubes. The stigma is often evidently dis- 
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tinct from the style, appearing as a lobed expansion ; in other cases 
it seems to be merely a portion of the style at its end or sometimee 
on its side. In Fapaver it is a sessile disk-shaped expansion on the 
upper surface of the ovary ; more rarely it ia represented by bands of 
papillae on the ovary itself, when it is said to he pleurogi/nous. 

The Ovules are always enclosed in the cavity of the ovary either 
singly 01 in lai^er or smaller number. Usually they may be readily 
seen to be appendages of the carpels (Fig. 148 A, B, C, E), but in 

B C 




ot FlaoenUtlon. A. Carpel of Hellebonu. 
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a ipwUl prolougsllDU □( Ul« Hlia 
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many cases they appear to be special organs developed in the cavity 
■ from the floral axis. However, from carefal comparative examination, 
it seems that these apparently axial ovules are to be regarded as being 
originally appendages of the carpels, their position on the axis being 
merely the result of a more or less considerable displacement due to 
the coalescence of the carpels with the axis. That portion of the 
carpels or of the axis which bearo the ovules is called the placenta 
(Figs. 145 i), 1483). 
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The pvules bame by the carpels jare uaually marginal , that is to say 
the placenta occupies a part or the whole of the longitudiiiAl margin 
of each carpel and bears either .a single ovule or a single row (rarely 
more than one row) of ovules (Figs. 145 ^, 148 il q), In polymerous 
ovaries the coherent maigins frequently undergo a considerable 
thickening ^Fig. 148 B 0. The ovules are more iwely mperfidal, 
that is to say, borne upon the whole interior surface of the carpel, the 
median nerve however usually remaining free (Fig. 148 C). 

The axial ovules are developed sometimes on the floor of the cavity 
of the ovary (Figs. 129 and 146), sometimes at the side of the apex of 
the axis, as in the Compositae (Fig. 148 Z>), sometimes as prolonga- 
tions of the axis, as in Piperaceae, and PolygonesB (Fig, 148 -F), some- 
times on a special placenta developed in the cavity of the ovary 
from the apex of the axis e.g., Primulacese (Fig. 148 G), 

The direction of the ovule varies; it may be erect, (Fig. 148 Z), 
F)f or suspended (Fig. 148 H), ot horizontal (Fig. 148 A) or ascending. 

The Nectary is a glandular organ which secretes an odorous or 
usually a sweet fluid much sought after by insects. The nectaries are 
not distinct parts of the flower, but are developed on the other organs ; 
thus in Rheum they occur at the base of thjB stamens ; in the Umbel- 
liferaB, as fleshy excrescences on the carpels ; an(J in Citrus as an 
outgrowth of the floral axis below the carpels. When they have the 
form of an annular wall or a cushion they are termed discs (e.g., in 
Rhamnus). Sometimes, however, certain leaves of the flower are 
greatly altered in form and entirely diverted from their proper functions 
by the development of the nectaries ; this happens in the Gesneracese to 
one of the five stamens, to the petds of Helleborus and Aquilegia, and 
tp one of thp petals pf Viola, among many instances. 

Relative Position and Number of the parts of ths Flower. Sym- 
metry of the Flower. The leaves forniing the flower, like those borne 
l>y the vegetative part of the stem, are frequently arranged spirally, 
and the divergence is most commonly |, but higher divergences also 
occur, especially in the androecium, when numerous small organs are 
ii^erted upon an expanded axis (e.g.. Ranunculus). In the spiral or 
acyclic flower there is either no well-n^i^^'k^ distinction of the various 
series, tl^t is, th^ meQibers pf tb^ .ca}yx ^nd of the xsoroUa and the 
stamens are ponnected by ^nt^inedi^ |pn4s (as in Nymphs), or the 
va^ous series ace sharply defined, each seri^8 taking up one pr m^e 
turns of ^he spiral. In t\xe latter pas0, i^ ^he divergence ie constant, 
the member^ pf successive whorls ^:f§ ^uperpoeed, that is, thpy lie on 
the same radii drawn from the centre of the flower : this is well seeji ini 



many Urtioinse where the members of the p^ianth and the stamens 
are arranged in a continuous spir^ with ^ divergence of f , each series 
taking up two turns of the spiral : here the five stamens are simper- 
pose(} i^pon the five leaves forming the perianth. 

Many cydic flowers— flowers^ that is, the leaves of whiol^ ^V9 
arranged in whorls — are yery closely related to the latter toT^L of 
acyclic flowers ; this is shown ]by the fact thf^t these two modes of 
lurangement are exhibited not pn)y by the flowers of closely allied 
plants, but also by flowers of the same species. In this case, instead 
of there being five perianth leaves ta]cijig up two turns of a spiral with 
a divergence of f , four or si;^ leaves are present, arranged in twp 
whorls consisting of two or three leaves respectively. Since the same 
fprrangement e^sts in the andrpeciumj jthese two series of organs form 
four regularly alternating whorls each consisting of two or three 
members. The two whorls of the perianth may be differentiated, as 
in many Monocotyledons, into calyx and corolla, or they may 
together form a simple perianth as in many Juliflorsp and 
PolygonesB. 

In other cyclic flowers the alternating whorls consist eiach of five 
members, and in these cases too, two of the whorls (calyx and corolla) 
belong to the perianth, the other two to the androecium. If instead 
of fivi^, only fpur members are present in each, the calyx usually 
consists of two whorls each of two members, with which the whorl of 
petals 4jkltemates. When the perianth is differentiated into calyx and 
corolla and two whorls of stamens^^eonsisting of the same number of 
members — are present, one whorl of stamens is opposite to or 
superposed on the calyx, and the othcar is superposed on tl^e 
corolla. Other less frequent modes of arrangement will be 
treated of in connection with the plants in which they occur. 

When cyclic flpiyers consist of alternating whorls each containing 
tjie same number of members, they ape said to be efucycUc. The 
number of members in a whorl is indicated by the expressions dir, tri*t 
teU^a-, penta-merous, ^c. ; whorls containing the same number of mem- 
bers are said to be iaomeroua. When tiie organs of a flower are 
arranged, some in whorls (usually in the perianth) ar«d the others in 
a spiral (usually in the androecium), the flower is said to be hemicyclic. 

These various arrangements, as In the case of the arrangement of 
the foliage leaves, are most clearly represented by means of diagrams. 
In a floral diagram, the calyx lies externally, and the gyncecium, as 
being the uppennost series or organs (even in epigyaous flowers), lies 
most internally. In order to be able i:eadily to distinguish the yarioQ# 
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series, symbols are used which recall some peculiarity of their form ; 
thus the mid-rib of the sepals is indicated, and in the case of the 
stamens, the anthers. 

If only such relations of position as can be observed in a flower are 
indicated in the diagram, a simply empirical diagram is the result. 
If, however, the results of the investigation of the development of 
the flower and of the comparison of it with othei*s be borne in mind, 
a general plan of arrangement will be detected, and the individual 
peculiarities of arrangement, quite apart from any variation in the 
form of the organs, will be seen to be due either to the suppression 
of one or more whorls or of one or more members of a whorl, 
or, more rarely, to a multiplication of the whorls or of their mem- 
bers. If however the organs which are absent, but which should be 






Fig. 149.— Floral Diagram 
of a Lily. 



Fio. 150.— Floral Diagram 
of a Grass. 



Fio. 161. — Floral Dia- 
gram of a Criicifer ; the 
median stamens are 
doubled. 




Fio. 152. — Floral Dia- 



typically present, be indicated in the empirical 
diagram as dots, it becomes a theoretical diagram. 
In this way it is possible to arrive at general 
types on which large numbers of flowers are con- 
structed. Fig. 149, for instance, is the empirical 
diagram of the flower of the Lily, and it is at 
the same time the type on which the flower of 
Grasses (Fig. 150) is constructed in which certain 
gram of Dictamniis : the organs are suppressed. 

upper (internal) whorl of jj^^^^ ^^^ ^^^^ ^^ multiplication of partS, 

stamens (shaded) has been * ^ ^ 

displaced, so that they Ue redupUcotion OX pleiomevy — that is, the forma- 
between those of the lower ^Jqj^ ^f ^^^j members in a whorl in place of one 

(external) whorl : the car- irpi- 

ifeis have also been dis- — (*ig. L^l) must be especially considered. This 
placed, so that they are jg the rcsult either of the branching of a member 
of tiiTTnt'^wl^orL**'"'^ »* an carfy stage, or of the original develop- 

ent of two members in the place of one. 
The regular alternation of the whorls (especially when they consist 
of four or five members) in eucyclic flowers is often disturbed by ». 
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displacement of such a nature, that the inner staminal whorl, which 
is normally superposed on the petals and alternates with the sepals, 
comes to lie in the same plane as the outer whorl, or even externally 
to it (Fig. 152). 

HithMo nothing has been said as to the arrangement of the 
gynoecium in the flower, for it does not stand in such simple relations 
with the other series of organs as they do to each other. Very 
frequently the number of carpels is smaller than that of the organs of 
the other series, and in such a case their arrangement is quite irregular. 
If the gynofcium is isomerous with the calyx, corolla and androecium, 
the carpels usually alternate with the inner whorl of stamens, as in 
most Monocotyledons (Fig. 149). When the above-mentioned dis- 
placement occurs in the andrQ?cium, the carpels sometimes alternate 
with the actually internal whorl of stamens, sometimes with the 
whorl which was primarily internal. 

The number and the relations of the different parts of the flower 
may be indicated not by diagrams only, but also by formulae in which, 
as in the diagrams, for the sake of clearness, all the peculiarities of 
development are overlooked. Thus the diagram (Fig. 149) may be 
expressed by the formula K3, (73, A3 + 3, G^\ which means that 
the calyx K^ and the corolla 0, each consist of a single whorl of three 
members, the androecium of two whorls each of three members, and 
the gynoecium of one whorl of three members, all in regular alterna- 
tion. When one whorl is superposed on another, the superposition is 
indicated in the formula by a line | between the whorls. If 
the number of members in any whorl is variable, the letter n is used 
instead of a number. Thus, for instance, Kn, Cn, An -r n, Gn is the 
theoretical formula of most Monocotyledons. The absence of a whorl 
is expressed by a cypher 0, and of individual members by the number 
of those actually present. Thus the formula for the flower of a Grass 
(Fig. 150) is ^0, 02, A3 + 0, G±^-^. The bracket in which the 
number of the carpels of the gynoecium G is here enclosed, indicates 
that the members thus bracketted are coherent. Superior and inferior 
ovaries are indicated by a stroke above or below the corresponding 
figure, and reduplication by the exponent 2 ; thus the diagram (Fig. 
151) is represented by the formula K2 + 2, C x 4, .42 + 2\ G^, 
the X after G indicating that the position of the petals is diagonal, 
i.e., that the four petals alternate with the four sepals as if the latter 
all belonged to the same whorl. Staminodia may be distinguished by 
'2l t before the figure. The position of the carpels in those cases in 
which the above-mentioned displacements of the stamens have occurred 
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is indicated by a { placed before the number, which meaos that they 
are superposed on the petals. When the perianth is not diSerentiated 
into calyx and corolla, it is expreased by the lettat /*,■ Huja, tlifl 
formula for the flower of Asarum is P3 AQ + 6, G-^. 

The relations of position between the floral organs and th« leaves 
which precede them yet remain to be considered. These cm be most 
readily made out in the case of a lateral flower ; of » flower, that i^ 
tile axis (peduncle) of which springs from the axil of one of the leftvos 
of the main stem, and bears no leaves except the bracteoles and the fiorvl 
oi^Ds themselves. A plane whiph passes through the flower, and olsp 
through the main stem and the median line of the aubteuding leaf (bract) 
is termed the median plans or section at the flower; the plane whicli 
cuts this one at right angles is termed the latend plane oTsectiorii and 
the plane which bisects the angles made by the median and lateral 
planes is the diagonal plane or section. By means of these eKpreasiona 
the positions of the parts of a flower may be accurately indicated ; thus, 
in speaking of the flower of Uie Crucifene (Fig. 151), the external 
whorl of sepals lies in the median plane, the corpeLs in the lateral, the 
petals in the diagonal. In all floral diagrams the position of the main 
axis should be indicated by a dot placed above the diagram ; the 
bract, which would be of course exactly opposite to it> need not 
be indicated. The side to- 
wards the main axis is said to 
\i^ poiterior, and tltat towoidi 
tlie suhte^ding leaf, anterior. 

Many flowers, most Mooo- 

cotyledons for instance, hav4 

only one bracteole(pr(^hyUum) 

which is nearly always placed 

opposite to the bract, that 1^ 

posteriorly to ^le flowM. When 

this is the cose, a leaf of the 

trimerouscalyx(whenthefloweF 

ie spiral, the ;£r«< leaf) is placed 

.anteriorly. 

IftwoM«ralbt«cteoleBai«pr&- 

mwithaZTgn. Bent(usiiallyiodicat«dasaand^)j 

mMphi.conJi.(mw). as is the case in most Dicoty 

ledons, the sepals, if the calyx is dimerous, ai« median ; if the calyx 

U trimerous or pentamerous (whether i( ])9 whorled at ispiial), oii» 

K^ is median M)d posterior. 




li k obviodB (lh«t sucb d dowist ad tbait ifepfesented in Fig. 153 caii 
be divided mto two sfymniettical halved^ veeembling' each other as tsk 
6bjeet and its* i^fledted image, in one plane only^ aAd that a vertical 
planCi In thie ease this plane eoincided> with the median plane of 
Idle floWef. 

Flowei^ wMch^ ee^ be d^ivided^ like the OAe in Fig. 153, into two 
symmetrical halves in one plane only (which may or may not coincide 
with the median plane) are ebid to be mot}08y7nmetneai ox zygomotpkie, 
and in systematic works they are termed irfegtilar. If a flower caA 
be symmetrically divided ill more thaii= one plane, it is said to be 
pdy^pnmetnccd. In siich flowers two eases may occur : in the one, 
the flower is rBguker of aetinomorphiCf that is, the halves produced by 
all possible sections are similar, or in other Words^ the flower may be 
divided into a number of similar sectors (see the diagrams, Figs. 149 
and ^52) ; in the other, the halves produced by one section are unlike 
those produced by another, and such flowers also are said to be zyfjio- 
motphici Those' flowers are said to be if¥egular or asymmetrical 
which' cannot be' symmetrically divided by any taction whatever. 

These expressions apply as well to the relations of position and num- 
ber as indicated in floral diagrams, as to* the form of the perfect flower. 
It fi^uently hi^peAs that a flower which is more or less regular at its 
flrst^ appearance subsequently becomes zygomorphic, as in Dictamnus 
aiidin< the LegnminosA and Labiatae ; spiral flowers also, the diagrams 
of which do dot indicate any such condition, often assume a zygo- 
morphic form, as in Aconitum. 

Actinomorphic flowers sometimes^ occur abnormally, more especially 
near the extremity of the axis of infloi^cenoe,^ in plants the flowers of 
which are normally zygomorphic. Such flowers are said to hepeloric. 

PdUnaUon. li is essential as a preliminary to fertilisation^ that 
the pollen i^ouM be conveyed to the stigma. In a great number of 
hermaphrodite flowers, particularly such as are small and inconspicu- 
ous^, the pollen is conveyed to the stigma of the same flower by very 
simple* means ;- in some cases the pollen falls on to the stigma which 
lies at a lower level than the anthers, in others the close juxtaposition 
of the organs allows of its immediate transfer to the stigma so soon as 
the anthers open. In all these cases the fertilisation is perfectly 
effectied by tzhe pollen of the same flower. It is^ however, self-evident 
that, when flowers are diclinous, the pollen must be conveyed to 
the stigma of one flower from imoHier ; and it is now known that in 
a- vast number of hermaphrodite flowers also, pollination is commonly 
.eSected by the transfer of pollen from one flower to another (crofiit 
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fertilisation). The conveyance of the pollen is effected in the case of a 
number of plants with inconspicuous flowers, such as the different Cer- 
eals, by the agency of the wind; but in the case of such flowers as are 'con- 
spicuous by their size, colour, perfume, and by their copious secretion of 
honey, the insects which visit the flowers for the sake of the honey as 
well as to gather pollen for food, perform this important function. In 
some of these cases it has been demonstrated that it is only the poUen of 
other flowers which can effect fertilisation, that the pollen of the flower 
itself is useless, or even injurious, and that consequently cross-fertilisa- 
tion is indispensable. In other cases the pollen of the same flower, 
though not absolutely useless, has far less fertilising power than that 
of another flower; under these circumstances cross-fertilisation is 
advantageous. In other cases again the pollen of the flower itself has 
as powerful a fertilising effect as the pollen of other flowers, but the 
superiority of cross-fertilisation is shown by the greater vigour of the 
progeny which are the issue of the crossin^f^ of two individuals. 

In those flowers to which cross-fertilisation is indispensable or at 
least important, the most various contrivances are exhibited for the 
purpose of hindering or limiting self-fertilisa^pn on the one hand, and 
on the other of facilitating cross-fertilisation, or finally, in default of 
cross-fertilisation, of ensuring ultimate self-fertilisation ; this last, of 
course, only in those cases in which Jbhe pollen of the flower itself 
is capable of fertilising it ; for it is evident that self-fertilisation, even 
if not very advantageous, is at anyrate of some use to the plant. 

Among the contrivances for the prevention of self-fertilisation one 
of the simplest is the arrangement of the anthers and stigma in such 
.positions that the pollen cannot possibly reach the stigma of the same 
flower, e.g., Aristolochia (Fig. 154), or. secondly, the abortion of all 
the male organs in some flowers or of all the female organs in others ; 
in such flowers the organs in question are present but they are not 
functional. This is an approach to the diclinous condition ; it occurs 
in the Tiger-lily, in which the anthers are commonly abortive in some 
flowers and the ovaries in others. Thirdly, dichogamy frequently 
occurs, that is, that the stigmas and stamens attain their functional 
activity at different times ; flowers in which this occurs are either 
protandroiis^ that is, the anthers are first developed and have already 
shed their pollen when the stigma of the same flower is capable of 
receiving it, or they are protogynous, that is, the stigma is fully 
developed before the anthers of the same flower are ready to shed their 
pollen : in the latter case self-fertilisation is obviously only excluded 
if the stigma is withered before the pollen is shed ; there are, however, 
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protogynous flowers in which the stigma remains fresh for a long time 
and which may be fertilised by their own pollen. 

Among the contrivances which lead to the cross-fertilisation of 
flowers by the agency of insects, the means of tempting insects to visit 
the flowers, such as bright colours, odours, and the secretion of honey, 
must be first mentioned. The peculiar marking of the flower serves 
in many cases the purpose of guiding insects to the nectary. The form 
of the flower, the situation of the honey, the position of the stamens 
and their relation to the other parts of the flower, particularly to the 
stigma, the relative development in point of time of the different parts, 
all these circumstances combine and co-operate to secure cross-fertilisa- 
tion, and sometimes to allow of the visits of particular insects only, as 
for instance of butterflies with long probosces. There are also cases 
in which the insects must occasionally convey the pollen to the stigma 
of the same flower. A simple arrangement of this kind known as 
heterostyliam or dimorphism and which occurs in the Primulacese, 
Pulmonarieae and others may be mentioned here. These plants have 
two kinds of flowers ; in one form the stamens are short and the style 
much longer, so that the stigma projects above the anthers ; in the 
other form, on the contrary, the anthers are on long filaments above 
the stigma, and they are so constructed that the anthers of one form 
stand on the same level as the stigma of the other {v. Fig. 250). 
From the position of the nectary and the form of the rest of the flower, 
an insect visiting it is obliged to take up the same position at each 
visit ; consequently after it has visited a flower of the kind one when 
it visits a flower of the other kind, it touches the stigma of the latter 
with the same part of its body with which in the first flower it 
brushed the anthers, and thus the pollen which it carried away with 
it from the anthers of the one flower is transferred to the stigma of 
the other. Observations made by artificially transporting the pollen 
have shown that fertilisation is most complete when the pollen of 
stamens of a certain length is conveyed to the stigma of a style of the 
same length. The same is the case with trimorpMc plants, e.g., 
Oxalis : in these, three forms of flowers occur with three different 
lengths of styles and stamens. 

As examples of more complicated contrivances for the purpose of 
securing cross-fertilisation Aristolochia and Epipactis may be described. 

The flower of Aristolochia Clematitis (Fig. 154) is protogynous ; 
insects can penetrate without difficulty down the tube cf the perianth 
which is furnished on its internal aspect with hairs which point 
downwards, and they thus convey the pollen they have brought with 
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them from other Sowers^ to the stignm ; the hairsi howerer, prevent 
their return. When the pollen has reached the ^igAia, its lohea (Fig, 
154 A and B n), spring upwarda,' and thus the amtheW, which now 
beg^n to open, are made accessible to the insects ; tJiesey in their efforts 
to escape (Fig. 164 I), creep roand the anthers and eomo oi the pollen 
adheres to them ; by this time the hairs in the tube have withered, 
and the insect escapes, dusted over with pollen which, in spite of 
experience, it proceeds to convey in like manner to another flower. 





Flo. lU.-Epifaetit latifiHia, A. Longl- 
tudfnal BBOtLon t^srougti a flawer-bud. B, 
Open Hnver sfter mborid or the periantli. 
with the erceptJonoltbslBbeUum.t. (?. The 
reprodactive orgaos, ^ter the remoral oT the 
perluitb, Been rrotn below uid In front. 
J> at B. The poliit uf ■ lesd-pencil (t) In- 
■erted after the nunner of tho pioboeclB of 
■n inaelst S mod F. The Icad-penoll with 
the poUlDis attached :/f , onij : 1, bkbeUum, 
iti nc-Uke depreHlon aerving as a uoctaly ; 
n, the broad atloiiDa ; At, the coanective of 
the single fertile anther : p, pollinlA ; A, tbe 
roetBUum ; x. z. the tira Utanl gUnd-like 
and B, after fartlUsation ; r, the tube of the atuntnodea : i, plac« where the labellum haa 
perianth ; t. the UTity below ; n, itlgmH ; a, been cut oS ; i, the ooluranar it^le (after 
anthen ; I, an inaoct ; If, ovary (after Sachs). Sacha). 

Those flowers which ate ready for fertilisation have an erect position, 
and the tube of the perianth is open above so that the insect can 
readily enter ; after fertilisation the peduncle bends downwards and 
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the tube is closed by the broad lobe of the perianth, so that it is 
impossible for insects to enter flowers which have been fertilised. 

In the flower of Epipactis (one of the Orchidaceffl), the anther is 
situated above the stigma and does not shed its pollen in isolated 
grains ; but when a certain st cky portion of the stigma, known as the 
rostellum (Fig. 155 A) at uched the entire pollen-sacs, together with 
the rostellum itself are carr ed away. The insect creeps into the 
flower to obtain the honey which is secreted in the cavity of one of 
the leaves of the perianth the I ibellum (Fi;;. 140 l), and, as it with- 
draws from the flower it cjmes away the rostellum with the pollen- 
masses (poUinia). (In Fig 155 the point of a pencil b has been 
introduced into the flower and the rostellum has adhered to it), The 
insect, on entering the next flower, deposits the pollen upon the stigma. 

In the course of frequent cross-fertilisation it is inevitable that the 
pollen of other species of plants should be applied to the stigma, but 
while the pollen of plants of very diff'erent species is wholly without 
efiect, that of nearly allied species, particularly those belonging to the 
same genus in certain groups, has a fertilising effect ; the result of 
such fertilisation ia hybridUation, that is the ilevelopment of a plant 
which combines the characters of both parents to a certain extent, and 
which is known aa a bastat-d or hybrid. Hybrids are for the most 
part sterile among themselves, but are often fertile when crossed again 
with a plant of either of the parent-species or of some allied species. 
While hybrids are produced 

with great ease in certain ■ P|J 

genem, as Saliz and CirsJum, 
in others the artificial pro- 
duction of hybrids has never 
yet been found possible even 
between very closely allied 
species, aa the Apple and Pear. 

Fertilisation. After reach- 
ing the stigma the pollen- 
grains protrude the pollen- 
tubes which penetrate fg^ 
through the tissue of the 'unieia ; t, a 

_i.-i„ :_i- ti ;(., -i iv, tlifl fifflbTu developed from the (enUiiod ooapbera 

style into the cavity of the ■n.B^.^oonuiQ.thee^d^pemiwUchi.formrf 

ovary, and through the micro- bj froe-cell./ormation. p. The pollen.tubo. pualug 

pyle of each ovule to its 'i^'*'' """"""Pr'e- -^ 
nucleus (Fig. 166 P n). The time rei^uired by the pollen-tube for 
this process depends partly on its distance from the ovule and partly 
13 
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on the specific peculiarities of the plant ; thus the pollen-tuhe of the 
Crocus takes only from one to three days to traverse the style which 
is from 5 to 10 centimetres in length ; but in the Orchids, where the 
length of the style varies from 2 to 3 millimetres, several days, weeks, 
or even months are needed, and it is during this process that the ovules 
aie formed in the ovary. 

In the Angiosperms the embryo-sac always lies at the anterior end 
of the nucleus, and it sometimes projects from the micropyla It contains 
three cells at its posterior and three at its anterior end ; it is one of 
these latter which is the oosphere and which becomes fertilised by the 

pollen-tube. In consequence 
of fertilisation, it becomes 
surrounded by a cell-wall, 
and elongates to form the 
suspensory at the posterior 
end of which the embryo is 

Fio. 157.— Sections of ripe seeds. A. Nux vomica, developed (Fig, 156 £). 

showing J?, endcperm. i» Piper, diowtog both endo- j^ie^jj^i^Qe ^^6 rest of the 
sperm, B, and pensperm, P. C. Almond, devoid of 

endosperm ; «, the testa ; «, embryo ; w, its radicle ; saC beCOmes filled with endo- 

c, c, Its cotyledons. ^^^^^ . ^j^-g jg ^^ally first 

formed by free-cell formation, but in many cases it arises by the division 
of the embryo-sac. 

In the endosperm the nutritious substances which will be needed by 
the young plant when it germinates, are stored up. In many seeds 
the whole or the greater part of the endosperm is absorbed by the grow- 
ing embryo ; in that case the nutritious substances are deposited either 
in the persistent and increasing tissue of the nucleus (as in Canna 
and Piper Fig. 157 ^ P), wliich is called the perisperm, or in the 
gei-m itself, in its cotyledons which attain a considerable size (as in 
Bean, Horse chestnut and Almond, Fig. 157 G). 

The Fruit The results of fertilisation are not manifested only in 
the formation of the embryo from the oospbere and of the seed from 
the ovule ; but they extend to the whole of the gynoecium and 
occasionally even to other parts of the flower. 

The word fruit, in its strictest sense, means the whole product 
of the development of the gynoecium as a result of fertilisation. If 
other parts of the flower take part in the formation of the organ which 
is formed in consequence of fertilisation and which contains the seed 
(of what, in short, is commonly called the fruit), it is termed a 
spurious fruit The apple, for instance, is such a spurious fruit, for 
the outer fleshy part belongs to that part of the axis of the perigynous 
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flower which aurrounds the ovary and which still hears the sepals 
{v. Fig. 242 D). What are called the pips of the apple are the aeeda. 
The strawberry also is a apurioua fruit : in it the receptacle, which 
belonga of course to the axis, developes largely and becomea fleshy and 
bears the true fruits in the form of small hard grains. The fig ia 
another example of a apurioua fmit (Fig.194); it ia in fact a fleshy recep- 
tacle (i.e., an axis) which bears a multitude of distinct flowers situated 
inside the cavity of the Gg, and theindividual fruits appear aahard grains. 

In other cases, a husk, called the cupula is formed, which contributes 
to the formation of a apuriona fruit ; thia is formed of leaves and ia 
not developed until after fertilisation ; it may surround either a solitary 
distinct fruit, like the acom-cup (Fig. 200), or several distinct fruits, 
like the four-valved spiky husk of the Beech-tree or the prickly husk 
of the edible Chestnut. 

When the fruit consists of one or more monomeroua ovarie 
aaid to be apocarpous: examples of this occur in Ranunculus, 
e succulent, and in th 




it ia 
lithe 
Star- 



Raspberry, where the individual 
anise (Fig. 158). The indivi- 
dual fruits may be developed 
in very diff'erent ways; they 
may be dehiacent or indehis- 
cent, dry or succulent. 

When the fruit consists of 
a single polymeroua ovary, it 
is said to be eyncarpoua. 
When the loculi of such a 

fruit separate from each other ,iu^,rn«il«u«^'^d!m^'^ 
during tlie process of ripening, /,/, thaiepaiatflfniiiapoaoii 
so tliat it ultimately appears as "'"' ' "^V'*' t™,f* "" 
if a number of distinct fruita 
were pt«sent, it is termed a 
sckizoearp ; each of these ia 

, . , , FlO. IM.— RuTiIn 

termed a mencarp when two ^ orary of the tit 

only are present, as in the Um- i™ diTWad into t- 

bellifer» (Fig. 169); in the ">""«i^*"iiW"™'ti'e<»rpppho™. 

Geraniaeeaa, where there are several distinct fruits, each is termed a 

coccus; and in the Maple each fruit is winged and is termed a 

lamara. The individual cocci are always indehiscent 

In various multilocular ovaries only one loculua becomes fully de- 
veloped and bears seeds, as in Valerian and the Oak ; the others are 
aboitive. It happens in rare caaea that the fruit becomea perfectly ' 
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formed without any development of seed or embryo, as in a particular 
seedless variety of Grape. 

Ta all trae fruits the wall of tlie ovary forms the pericarp or rind ; 
this usually consists of three distinct layers ; the external layer 
is the epwarp, the middle the meiiocarp, and the innermost the 
endocarp. The following varieties of true fruits have been distin- 
guished by the peculiarities of these three layers of their walls— 
whether they are dry or succulent, hard or soft, — and by the mode in 
which the fruit opens to allow the seed to escape. 

A. Dry Fruits : the pericarp is woody or coriaceous ; the sap has 
usually disappeared from all the cells. 

L Dry Indehiscent Fruits; the pericarp does not rupture, but 
encloses the seed until germination ; the testa is usually thin and 
frequently coalescent with the pericarp. 

(1). One-seeded fruits : 




Pio. l«e. —Dry defaluent fiuite. A. Tba pod (lag""*) of ths Pea ; t, Uio doresl sutup 
theientril;c,(!»lrit:i,ieed«, B. SepUddBl capsuJa o/ Co(cifcuinaii(vmmilf ./././, the I 
■uparatiog carpels, C. Sillqua of Bruilca : .t, the vsIth : w. the dtHoplment (rapl' 
t, ueda ; g, atylo ; n, stigma. D. Capsule, oponlnj: by pores, of Fotaoer nm-oiftivm 
Poppy ; V. atlBTna ; J. the porea which open hj the remoial of the Talvea (o). E. Pj-ili 
ol Dyosejaojus ; d, the lid ; is, tlie dlsaotiimeut \ i. eeede. 
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(a). The nut (glans) e.g., hazel-nut (but not the walnut) ; the 

dry pericarp is hard and sclerenchymatous. 
(h). The achene or caryojo^w (superior): the pericarp is thin and cori- 
aceous; e.g., the fruit of Grasses, of the Rose and the But- 
tercup. Jhe fruit of the CompositsB is a cypsela (inferior). 
(2). Many-seeded fruits {schizocarps) ; these commonly split into one- 
seeded fruits, which usually enclose the solitary seeds until germina- 
tion, e.g., the UmbelliferflB (Fig. 159), Geraniaceaj and Maple. 

II. Dry Dehiscent Fniits, The pericarp ruptures and allows the 
seeds to escape ; the testa is usually firm and thick ; they are com- 
monly many-seeded, 

(1). Dehiscence longitttdinal, 

(a). The follide, consisting of a single carpel which opens 
along the ventral suture where also the seeds are borne, 
e.g., PsBonia and Illicium (Fig. 158). 
(&). The legume or pod likewise consists of but one carpel 
which opens along both the dorsal and ventral sutures 
(Fig. 160 A, tran verse section Fig. 145 A) : e.g., the 
Vetch, Pea, Bean and all the Leguminosae ; in some 
cases (Astragalus) a spurious dissepiment occurs, 
(c). The siliqua^ consists of two carpels. The two carpels 
when ripe separate from the base upwards into two 
valves, and from the spurious dissepiment {replum) 
which remains attached to the apex of the peduncle; e.g., 
Rape, Mustard, and most of the Cruciferse (Fig. 160 C) 
(d). The capsule is derived from a polymerous ovary which may 
be uni- or multilocular ; it splits into two or more valves 
either for a short distance only from the apex down- 
wards, or down to 
the very base (Fig. 
160 By If the 
carpels become also 
separated from each 
other, and in the 
case of multilocular 
ovaries this invol- 
ves the splitting of 
the dissepiments 

(Fi^. 161 A) the ^lolW. — Diagrammatic sections of debiRcent 
Z'. . capsules. ^. Septicidal, ^, loculicidal, C; septi- 

dehlSCence is said fragal dehiscence. 

to be septicidal ; if, on the other hand, each carpel 
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splits along its doiaal suture, the dehiscence is said to 
he loeulicidal (Fig. 161 B). In multilocular ovaries 
the disaepimeDts may he persistent and remain either 
attached to the middle of the valves (Fig. 161 B), or 
united into a column which is free from the valves : in 
this case the dehiscence is said to be seyti/ragal (Fig. 
161 C). 
(2). The form known as pyxidium has a transverse dehiscence, e.g., 

in Plantago, Anagallis, Hyoscyamus (Fig. 160 E); the upper part 

falls off like a lid. 

(3). Th& porous Mp«(Ze, e.g., the Poppy (Fig. 160 D) sheds its seeds 

through small holes arising from the removal of small portions of the 

wall in certain spots, 

B. Succtdenf Fruits. In these the pericarp (or at least some layers 

of it), retains its sap until it is ripe and usually becomes fleshy at that 

(1). The drupe (Fig. 162) e.g., the Plum, 
Cherry and Walnut, The most internal layer, 

the endocarp, is very hard and sclerenchymatous 
(Fig. 162 E) and encloses the seed until germi- 
nation ; the mesocarp is generally succulent, and 
the epicarp is a delicate membrane. 

(2). The bernf (^bacea) ; the endocarp is soft 
and juicy as well as the meaocarp, so that the 
solitary hard seeds are imbedded in the pericarp ; 
there may be one seed only, e.g., the Date, or 

«Mtim]rf*tbs dniMof'uie ^^^Ji ^ ^ ^^^ Gourd, Currant, and Grape. 

Almond: t, ttas eetA st- The Orange and Lemon also come under this 

t«h»i by the lunicl, W; i^^^ 

the mewcarp: uid ^'uie The seeds of dehisceut fruits are usually pro- 
opicarp — iheee ooMtitute vjded with vatious contrivances to ensure their 

the pericarp tpj^ ^. ., ,..,,. ... « 

dispersion ; in the case of mdehiscent fruits, the 
fruit itself is thus provided : of this nature are the wing-like appen- 
dages of the fruit of the Maple and of the seeds of many Carjophyllace- 
ous plants, the hairs upon the fruit of the Composite, and upon the 
seeds of the Cotton, the Willow, and the Poplar. The coats of many 
fruits and seeds have layers of cells which become extremely mucila- 
ginous, e.g., the Quince, the Flax (linseed), and the Plantain. The 
fruits of Geranium and allied genera have long beaks by means of 
which they bury themselves in the soil. 

Some seeds begin to germinate as soon as they are shed, but for the 
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most part a period of rest is requisite ; if this is too much prolonged 
they lose their germinating power. 

The Inflorescence. It is only in comparatively few plants that the 
first or main axis terminates in a flower ; such plants are said to be 
uniaxial : it is not usually till the second or third branch, or one of 
even a higher order is developed, that a flower is produced ; such 
plants are said to be hi-j tri-, or j^ohj-axial. 

The floral axis of Angiosperms frequently forms an elaborate branch- 
system which is usually sharply defined from the vegetative 
part of the plant, and which bears no leafy structures beyond those of 
the flower except bracts. This is known as the inflorescence. 

In the inflorescence, as usually in all parts of the Angiosperms, the 
branching is almost always . monopodial and axillary. Some apparent 
exceptions may be easily reduced to this type ; thus, in the racemes 
of most of the Cruciferse the bracts at the bases of the individual 
pedicels are abortive, and the same occurs in many of the CompositsB ; 
in the Solanese and Boraginese the bract often undergoes displacement, 
so that it appears to be placed at the side of the axillary shoot ; on the 
other hand, it sometimes occurs that the axillary shoot is for some dis- 
tance adherent to the main shoot. 

A long flower-stalk with no leaves or with only a few small bracts, 
which bears at its upper end a crowded or a sharply defined inflores- 
cence, is called a scape. 

In accordance with the principles of branching already laid down 
on page 19, the different forms of inflorescence may be classified as 
follows : 

A. Racemose inflorescences: consisting of a main axis or rachis 
bearing a number of lateral branches which have been developed in 
acropetal succession ; the lateral shoots do not usually grow longer 
than that portion of the main axis which lies above their insertion. 
It is immaterial whether or not the main axis terminates in a flower. 
If the lateral shoots of the first order — i.e., those which spring directly 
from the main axis of the inflorescence — terminate in a flower without 
any further ramification the inflorescence is said to be 

I. Simple : 

(a) With an elongated axis: the lateral shoots, which are the 
pedicels, spring from the axis at some distance from each other. The 
three following forms may be distinguished : 

(1) The spihe^ in which the flowers are sessile on the floral axis? 
or have very short pedicels (Fig. 163 A) ] e.g., the male spike of 
Carex. 
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(2). The spadix, which differs from the spike only in having a thick 
and fleshy axis ; a large bract forming a sheath, called a spathe^ 
commonly grows at the base of the inflorescence and envelopes it more 
or less ; e.g., Arum and Eichardia. 

(3). The raceme^ in which the flowers have long pedicels of nearly 
equal length ; e.g., the Cruciferae, as the Eadish, Cabbage, &c. ; in 
these the bracts of the individual flowers are not developed ; also Ber- 
beris and others, but not the Grape-vine {v. below No. 7). 

{p) With a short axis ; the flowers are set closely together on the 
short or flattened main axis. 

(4). The capitulum (head) in which the short main axis is conical 
or disc-shaped or even hollowed out, and is closely covered with sessile 

flowers (Fig. 163 



,T 




J 





D)) e.g., theCom- 
positsB, as Dande- 
lion, Sunflower ; 
also the Scabious. 
The bracteoles 
(palese) of the indi- 
vidual flowers 
(Fig, 163Z)jp)are 
sometimes want- 
ing; but the 

Fio. 163. — Diagrams of the varieties of racemose inflorescences. u i v, A ' 

A. Spike. B. Compound raceme. C. Compound umbel ; d, rays WnOle neao IS SUr- 

of the umbel ; i, involucre ; rfj secondary rays of the umbellulae ; rOUnded at the 

tj^ involucel. D. A capitulum ; i, involucre ; 6, flower ; p, pale». -^^^^ -i ^ j^^jj^-^er 

of bracts forming an invoJiccre (Fig. 163 D c) which gives the in- 
florescence the appearance of being one flower. 

(5). The umbel, composed of a large number of flowers with long 
pedicels which spring together from a very short axis which commonly 
terminates in a flower (Fig. 163 G d) -, e.g., the Ivy. The bracts of 
the separate pedicels forming the rays, are usually present in diminished 
number ; they form an involucre. 

II. Compound racemose inflorescences are formed when the lateral 
shoots which bear the flowers as described above are again branched, or, 
in other words, when inflorescences of the types above enumerated are 
united to form a larger inflorescence ; for instance, when several 
capitula are arranged on the main axis in the same way as the flowers 
of a raceme. The same terms are applied to the first ramification of 
the compound inflorescence as to the simple ones described above ; the 
above-mentioned example, for instance, is a raceme of capitula and is 
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termed a capitulate raceme. Compound inflorescences may be classified 
as follows : 

(a) Homogeneotbsly compound ; in these the branches of the first 
and second (or higher) orders are of the same character. 

(6). The compound spike; in this form many simple spikes are 
arranged on the main axis of the inflorescence in the same way as the 
flowers in a simple spike, or, in other words, the main axis of the 
spike gives rise to secondary spikes instead of to single flowers ; e.g., 
the inflorescence of "Wheat, Eye, <fec. 

(7). The compound raceme ; in this case smaller racemes grow on the 
main axis of the raceme ; the ramification is in many cases still further 
repeated in such a way that it is more complex at the base of the pri- 
mary raceme than towards the apex \ e.g., the Grape-Vine (Fig. 163 B). 

(8). The compound umbel (Fig. 163 (7). This is far more common 
than a simple umbel and is in fact usually called an umbel ; the separate 
simple umbels (Fig. 163 G d) are then called umbellules and their 
respective involucres are involucels. 

(/3) Heterogeneovsly compound inflorescences; in these the bran- 
ches of the different orders are dissimilar. In consequence of this 
so many complicated forms arise that it is impossible to enumerate 
and name aU the combinations. As examples the following will only 
be mentioned : the capitulate raceme, which consists of a number of 
capitula arranged in a raceme ; it occurs in many of the Compositse, 
e.g., Petasites : the spicate capitidum, which consists of several spikes 
forming a capitulum as in the Scirpese : the spicate raceme which 
occurs in many Grasses, in which the last branches of a compound 
raceme are spikes. 

B. Gymose inflorescences. The main axis, which terminates in a 
flower, produces below its apex one or a few lateral branches — rarely 
several — which also terminate in flowers, but grow more vigorously 
than the main axis and repeat the same type of ramification. 

I. In the simple cyme the ramification in the secondary and higher 
orders follows the same type. 

(a) Without a pseud-axis : (see page 20). 

(9). The cyme : beneath the terminal flower spring several — three 
or more — lateral shoots of equal vigour, e.g., many Euphorbias. This 
inflorescence greatly resembles the true umbel and in fact cannot be 
distinguished from a true umbel which has a terminal flower. The 
identification of an inflorescence as belonging to the cymose type in 
many cases depends on the fact that in the higher orders of branching 
the cymes are reduced to dichasia. 
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(10.) The dichadum (Figs. 18 and 19 (7, page 20) consists of only 
two equal lateral shoots arising at the same level below the terminal 
flower and branching in a similar manner. The successive false dicho- 
tomies commonly decussate ; e.g., Valerianella and the weaker inflores- 
cences of many Euphorbise. 

{p>) With a pseud-axis, 

(11). The helicoid cyme (bostryx) : the lateral branches of the suc- 
cessive ramifications always occur on the same side {v. ante, Fig. 19 D). 

(12). The scorjnoid cyine (cincinnus) : in this the lateral branches 
occur alternately on opposite sides (Fig. 19-4 and B), 

II. Compound cymose inflorescences arise on one hand from the 
reduction of the ramification in the higher orders, as, for instance, 
when the secondary members of a cyme are not cymes but dichasia : 
these are dichasial cymes ; they occur in many Euphorbias : again, 
when dichasia terminate in scorpioid or helicoid cymes. On the 
other hand it sometimes occurs that helicoid cymes are combined to 
form scorpioid cymes, as in Geranium. 

C. Compound racemose and cymose inflorescences. It may occur 
that a compound inflorescence changes in type in the different orders of 
ramification. Thus the branches of the first order may exhibit a racemose 
arrangement, and those of the second a cymose arrangement, as in the 
dichasial racemes of many Euphorbias (e.g., E. esula, amygdaloides), in 
the scorpioid racemes of the Horse-chestnut, and in the helicoid 
capitula of many species of Allium. On the other hand the branches 
of the first order may have a cymose, and those of the second a racemose 
arrangement ; for instance, the helicoid cymes of capitula in Cichorium. 

Finally, there are certain terms used in describing inflorescences 
which refer only to the general external appearance rather than to the 
mode of formation of the inflorescence : thus the panicle is a pyra- 
midal inflorescence generally of the racemose type, at least, in its first 
ramification : the corymb is a compound inflorescence of , which all the 
ultimate ramifications lie in one plane and bear flowers, e.g., Sambucus 
(the Elder) : the anfhela is a compound inflorescence, of which the 
branches of the first order are gradually shorter from below upwards 
(or rather from without inwards), as in Juncaceae : the amentum 
(catkin) is a simple or compound inflorescence, usually pendulous and 
elongated, bearing inconspicuous flowers, which separates from the 
plant when the flowering is over. Of cymose inflorescences there is the 
fascicle, consisting of a number of flowers on pedicels of equal length 
(Sweet "William), and the glonwimle (Nettle and Box) or verticillaster 
(many Labiatae), consisting of a few sessile or shortly pedicillate flowers. 
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Class IX.— MONOCOTYLEDONS. 

The emhryo has but one cotyledon ; the eTtdoajjerm i 
dani in the ripe seed. 

The embryo is usually small 
endoBpenii(rig. 164 le c). 
. llie axis of the embryo 
tenniiiates at the posterior 
end in a very short radicle 
and bears anteriorly a 
sheathing cotyledon which 
is considerably larger than 
the whole of the rest of 
the embryo, and which not 
infrequently encloses one 
or more of the first minute 
ultemating leaves. 

On germination, the 
npper end of the cotyle- 
don commonly remains 
in the seed and absorbs 
the nutritious substances 
deposited in the endo- 
sperm (Fig. 164 II-IV); 
the lower part of the 
cotyledon elongates and 
pushes the rest of the 
embryo out of the seed. 
In Grasses the cotyledon 
has a peculiar shield-like 
form and is termed the 
Kiiiellttm (Fig. 165 sa): 
in the ripe seed it almost 
entirely encloses the em- 
hryo, and is in contact by 

Fro. lU. — Gflrmlnatlon of PAdaiiz diKtyiifr 
dormant leed. III.. IV. mftereai UAga cl gene 
■Ktlon of Hie »ed at 1 1 In 17. B. Ti 
■perm -, a, tha Bbeath of tha cotyledon ; tt. Its atalk ; 
absorpdon which graduallj coDiumea the eDdoBperm 
prlmaiy root i u', Koondu; roota,; &', b", t^eleBTefi v 
tha first lolla7»-l«af ; In £ sod C Iti folded Umliw !• > 



with the mass of 




apex doBloped Into ax orgsn ol 
Lt length occupies Its place ; v, the 
aiicccod the cut;ledon {b") become* 
ut acrass (after Sschi). 
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its outer surface with the endosperm , during gennmation the cotyledon 
nutriti 11^ matters contained m the endoapeim while the 
stem with the other leaves grows 
out of the seed In other Mono- 
cotyledons the cotjledon is either 
a sheithing scale, or it ia the first 
„teen leaf, differing but little from 
the foliage leaves which are subse- 
quently developed 

The primary root usually remains 
small and inconspicuous ; adven- 
titious roots are developed in suc- 
cession at hijjher and higher levels 
upon the stem 

The stem of Monocotyledons is 
traversed longitudinally by scat- 
tered closed fibro- vascular bundles ; 
' it has therefore no growth in 
M of itiogiatn; thickness by the means of cam- 
.J. i»rd j-eiioirtaii part o( tbe =ndoiii«™; ]^[y,ja. In a few genera only, as 

(oj, whiter leaa dense part of the endoaperiD : ,, , -r^ - 

K. BaulaUum of the embryo: «, Its apoi | YuCCa and DraCffina, it gTOWS 

c, itB epidermis ; t, piumuio ; u, (iiaiow) the subsequently in thickness by the 
eo^daiy raoM^spring^g from the flrat^in^ foftiiation of meristem in the exter- 

node at the embryonic stem («) (ilua Sachs), nal layers of the gTOUnd-tissue 

from which additional closed fibro-vascular bundles are developed. 

The axis of the embryo in many cases continues to be the main 
axis 01 the plant ; at first it is thin and weak, and since no subsequent 
growth in thickness of the stem takes place and since the successive 
portions of the stem are thicker and more vigorous, the whole stem 
gradually assumes the appearance of an inverted cone, but when the 
plant has reathed a certain height it may then grow cjlindrically : 
this is the reason why in Palme, in the Maize, and other similar erect 
stems, there is a diminution in thickness at the lower end. Fre- 
quently, however, the primary axis of the plant perishes when it has 
given rise to lateral shoots. 

The arrangement of the leaves is at first alternate : when the stem 
is well-developed this alternate arrangement often passes over into 
complex spiral arrangements, as in Fritillaria and in Palms, in which 
plants a crown of leaves is conspicuous. In the Grasses and a few 
other families, the phyllotaxis is permanently alternate. A whorled 
arrangement of the foliage-leaves occurs but rarely. 
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The leaves commonly have a distinctly developed sheath but no 
stipules. The lamina is usually entire, simple in outline, often long 
and narrow, linear or ensiform, more rarely orbicular, cordate or 
sagittate. Branched leaves occur only in a few of the Aroidow. The 
pinnate or palmate leaves of the Palms acquire this form by the 
splitting of the originally entire lamina, and the same is the case with 
the perforated leaves of many Aroidese. 

The venation of the leaves is characterised by the fact that the 
weaker veins do not usually project on the under surface. In linear 
leaves, and in such as are inserted by a broad base, the stronger veins 
run almost parallel ; in broader ones, e.g., Lily of the Valley (Oonval- 
laria majalis), they describe a curve which is more or less parallel to 
the margin : the >yeaker veins usually run at right angles between the 
stronger ones. In the Scitaminese and a few other plants, a number 
of parallel transverse veins are given off at various angles (sometimes 
very acute and sometimes nearly right angles) from the median vein. 
Reticulate venation of the leaves is very unusual ; it occurs in Aroids 
and in Paris quadrifoHa, 

The flower of Monocotyledons consists typically of five alternating 
and isomerous whorls, two belonging to the perianth, two to the 
androecium and one to the gynoecium. . Thus the typical formula is 
Kn, On, AvL + n, (ru, where n in most' cases = 3, more rarely = 2, 
4 or 5. 

This type is most closely adhered to in the LiliiflorsB, more especially 
in the Liliacese. The first departure from it is exhibited in the 
abortion of the inner whorl of stamens in the Irideae, and in the 
inferior position of the ovary. This latter character occurs also'in the 
ScitaminesB and GynandrsB, which are also characterised by the 
zygomorphism of their flowers and the considerable reduction of tfie 
androecium. 

Other various and considerable reductions of the parts of the 
flower occur among the Aroidese, and constant reduction in the Gluma- 
cesB and Typhacese. 

In the case of certain water-plants, the Polycarpicae, development 
appears to have been arrested at an early stage ; the number of the 
members of the gynoecium and to some extent even of the androe- 
cium is not constant, and the spiral arrangement predominates. 

Other simply organised water-plants may be regarded in some cases 
as reduced forms, as the Lemnacese, while some seem to be representa- 
tives of a special type, as the NaiadesB and Potamogetonese. 

The Monocotyledons may be classified as follows : 
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Series I. HELOBias. "Water-plants; seeds with little or no endosperm; 
the embryo has a well-developed hypocotyledonary axis ; the numerical 
relations of the flower usually deviate from the typical numbers. 

Order 1. Fluviales. 

2. Polycarpicae. 

3. HydrocharidesB. 

Series 11. Micrantbue. Land or bog-plants : the individual flowers 
usually small and inconspicuous, frequently devoid of perianth, but on 
close examination referable to the type. Inflorescences, many-flowered. 

Order 4. Spadiciflorae. 

5. Glumacea3. 

6. EnantioblastsB. 

Series III. CoROLLiFLORiE. Mostly land plants with two perianth 
whorls which are generally both petaloid : the gynoecium is typical : 
the andrcecium frequently imperfect by abortion of members. 

Order 7. Liliiflorse. 
„ 8. ScitaminesB. 
„ 9. GynandrsB. 



iy 
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Series I.— HELOBI^ 
Order I.— FLUVIALES. 

Flowers imperfect, very simple, for the most part without a perianth . 

Ovary 1 or more, separate, each containing an erect or suspended ovule. 

Endosperm small or wanting. Aquatic plants. 

Fam. 1. LEMNACBiE. Stem leafless. Each inflorescence consists 

of two male and one female flower borne on a lateral prominence of 

the stem : the male flowers consist of a single 

stamen, and the female flower of one ovary. 

Lemna trisulcaf polyrrhizay &c. , are known as Duck- 
weed ; they are common in tanks and ponds, floating on 
the water. The stem, which is leafless, is almost flat, 
resembling a thallus : it bears two rows of branches 
(Fig. 166) as also roots on its under surface which are 
suspended in the water. Roots are, however, absent 
in Lemna arrhizaj which is also devoid of fibro-vascu- 
lar bundles. 

Fam. 2. !N*AiADEiE. Stem bearing leaves ; 
male and female flowers in an enclosing sheath. 

Naias majoTy minor , &e., are submerged slender plants, much branched with 
distichous opposite leaves. 




Fic. 166.— Part of a plant 
of Lemna ti-isulca, seen from 
above : a, the young lateral 
branches (nat. size). 
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Fam. 3. Potauogetohea. Stem bearing leaves. The structure 
of the flower ie variable ; in Fotamogetou it is A2 + 2, x 4. The 
four stamene have broad lateral appeadagea on their outer surfaces, 
which have been described as forming a perianth. 

Fotoinogstoa {Pond-weed) is represented by many speciee ; the stem bears either 
only flubraarged lenvea which are narrow and linear, as in Potamogeton punltui 
and others ; or somen'hat hroAder, aa in F. denaua ; or it bears n few broad leaves 
which float on the snrfaco of the water, aa in P. nalans. The Howera are diapoaod 
in more or leas cruwdml spikes, which in some species remain permuicntlj sub- 
merged, but in others are miaed above the water on long sterna. Zoslera marina 
(Sea-wiack), PImcagroitia, and othen, live in the sea. 



Ordbb 2.— POLYCARPIC^. 

The flowers almost always have a perianth, and they are usaally 
constructed on the type of monocotyledonoua flowers with multiplica- 
tion in the andrcecium and iu the gyncecium which is apocarpous ; the 
formula is A'n Cn An + n + ... Ga + ... Ovary superior. Seeds 
devoid of endosperm. £<^ or water-plants. 

Fam. 1. JcNCAGiNB«. Both perianth- whorls are sepaloid and 
inconspicuous. The outer whorl of carpels is occasionally abortive, 

Triglockin paliistre is common in marahefl and on the margin of pools. The 
flowera are disposed spirally in a lonf; loose spike withontbracta. Scheuchitria 
pahatrU fa rarer ; it occurs in bogs ; the flowers an set in the axils of distichous 
braota. 





Fam. 2. Alibmacb^. ^3 03 AZ' -f 3 or oo, G3 -t- 3 or a>. The 
outer perianth-whorl, which is sepaloid, is often coherent at*hB base ; 
the inner whorl is petaloid, white or violet. 

Butomui umbellalui (the Flowering Ruab) (Fig. 168 J, 1B9). The flowera, 
which have violet petals, have the following formula JM (73 .^3" +3, Q S + s ; they 
are arranged in an umbellate helicoid cyme at the apex of the scape which is 
about 3 feet high ; this and the leaves, which are of about the same length, 
spring from an underground rhizome. The ovulea, which are numarons, are 
boms on the inner surfcce of the carpels (p. Fig. US C). 

AiUmaplantago (Water Plantain Fig, 168 ^, has the floral formala Z3 d AZ'* 
■*'^,OSi\ the DumerouB, monomerous, one-seeded ovaries ug crowded on th« 
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bean nhorle of branchea 
ommon ia damp spots. 

Sagiltaria aagUlcefcHia (tha 
Arrowhead) with tie floral for- 

ThL- flowers are 

neroiu whorls, 

a the upper and the 

n the lower whorls. 



the male 



The 









very 



■-seeded, 
inserted on a fleshy receptaolf 
Only the sagittate li 
the icfloreBcence appear aboi 
the water. 






irl of carpels (dft«r ^ 



HYDEOCHAEIDE^. 
^^t <i»x xije flowera have a peri- 
dupinaUii anth, and usually conform 
' to the monocotykdoiious 
type, but with multipli- 
cation in the andrcecium and gynoscium ; ovary inferior : formula, 
KZ CZ AZ + Z ^,G [777"). The flowera are usually diclinous ; the 
female flowers have ataminodia ; the male flowers have no gynoacium 
Lut an increased number of whorls in the androecium. The seed has 
no endosperm. Water-plants. 

Fam. 1. Hydrillb£. Ovary unilocular. Stem elongated, with 
whorls of small leaves. 
Elodea canadfiisis came originally from North America and has spread ia onr 



Fam. 2. Vallibnerie^ Ovary unilocular. Stem short with 
crowded leaves. 

Vallisneria spiralis iuhnbits the lakes and ditches of the warmer parlA of Europe. 
The leaves are long, narrow, and linear. The female flowers are raised above 
water od long peduncles ; the male inflorescences break away from their 
peduncles and float about on the water to fertilise the female flowers ; the fruit 
ripens under water. 

Fam. 3, Stratiotidb*. Ovary 6- {or more) chambered. Stem 
short with crowded leaves. 

SlTHtiolai aloitka (Water Soldier) has stiff narrow leaves. Hydrocharia Martin 
Rajue (Frog's bit] is ditecious ; the plaut is stnoll and floats on the water, with 
small ronndly-cordate leaves. 
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Sbribs II.— MICEANTHiE. 
Order 4.— SPADICIFLORiE. 

Tlie flowers are small and numerous, the inflorescence a spadix or a 
panicle with thick branches, commonly enclosed in greatly developed 
bract, the spathe. The bracteoles of the individual flowers are frequently 
wanting. The perianth is always inconspicuous, never petaloid, and 
sometimes wholly wanting ; the flowers are usually diclinous, but both 
sexes usually occur in the same inflorescence ; the ovary is always 
superior. The seeds have a large endosperm : the embryo is straight 
and minute. 

Fam. 1. Aroidb^. The flowers are arranged on a spadix : they 
are devoid of bracteoles, but are usually enclosed in a spathe. 
In many of the genera the flowers are complete and conform to the 
monocotyledonous type, Kn Ca An -\- n, G (-), where n may stand for 
3, 2 or 5, as in Acorus (Fig. 170) where the flowers are exactly typical 

In other genera, however, the flowers 
are reduced in various ways and degrees; 
not only does the perianth disappear, 
but the number of the stamens and 
carpels is frequently diminished. An 
extreme case is offered by those dicli- 
nous flowers of which the male consists 
of only a single stamen, and the female 
of only one monomerous ovary. These p^^ ^o.-riowor of 

much reduced flowers are disposed in AcoruaCalamuaimag.): 

regular order on the spadix; thus in a^thTj/silmeLT/^ 

Arum (Fig. 171) the numerous female ovary. 

flowers, consisting each of one ovary 

(Fig. 171 /), are inserted on the base of 

the spadix, and the male flowers, each „ ,^, „ ., ^ . 

. . ' Fia. 171. — Spadix of Ai'um mactda- 

COnsisting merely of a few stamens, are tum (nat size): /, female; a, male; 

closely packed higher up on it (Fig. *°*^ ^' rudimentary flov^ers ; c, tbe 

, - ., ^ ,. upper club-shaped end of the spadix. 

171 a). The upper part of the spadix 

is covered with rudimentary flowers (6, c). When, as in this case, the 
perianth of the true flowers is wholly wanting, the whole inflorescence 
mky assume the aspect of a single flower ; but irrespectively of the 
numerous intermediate forms which are to be found, such a view is 
untenable when it is borne in mind that here the ovaries are invari- 
ably situated below the stamens while in a flower they are invariably 
9bove them. 

14 
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The sub-order Pistiaceae, to which Pistia StratioteSy a tropical 
water-plan fc belongs, is characterised by having the flowers on the 
spadix reduced to two, one male flower, and one female flower con- 
sisting of a single carpel ; the spadix and spathe are adherent. It 
appears highly probable that the Lemnaceae, mentioned above, are in 
fact very simple forms of this family. 

The fruit is usually a berry. 

The stem may be underground, a tuber, or a rhizome, or it may be 
aiirial ; in the latter case they often climb, clinging to trees by means 
of aerial roots. The leaves are either alternate and distichous or, more 
often, spiral with a divergence of ^. They are rarely narrow, linear, 
or ensiform, and commonly consist of sheath, petiole and blade ; the 
venation is reticulated and the leaf often exhibits a more or less 
complicated segmentation. 

Acorus Calamuey originally a Dative of Asia, is now rather common in pools, &c. 
The underground rhizome bears long ensiform leaves and a triangular scape bearing 
a terminal spadix which, however, is pushed on one side by the spathe which is 
long and narrow, and appears as a prolongation of the stalk. The spadix is closely 
covered with perfect flowers (Fig. 170). Arum maculatum is common in woods 
and hedge-rows ; the large green spathe coippletely envelops the spadix (Fig. 171). 
Richardda ethiopica is a cultivated plant well known under the name of Calla or 
Colocasia ; it has a large white funnel-shaped spathe. The species of Philoden- 
dron have climbing stems and large leaves which are frequently perforated. 

Fam. 2. Pandanb^. Flowers dioecious ; the female flowers each 
consist of a single unilocular ovary ; they are closely crowded on the 
spadix which becomes a spurious fruit. 

Pandanus utilis and other species form thickets in the tropics particularly on 
the banks of rivers. The straight woody stems, which subsequently branch, give 
off numerous strong roots which attach them to the soil, and bear crowns of large 
narrow linear leaves, the margins of which are frequently set with sharp spinous 
teeth. The tough flbro- vascular bundles are used for the manufacture of fabrics. 

Fam. 3. PALKas. The flowers are dioecious or monoecious, rarely 
hermaphrodite or polygamous, and they generally conform to the type 
-K'3 C73 -43 4- 3, G'^-i in rare instances a larger or a smaller number 
of stamens are present. The carpels, in rare cases only two or one, 
form a monomerous or a polymerous ovary of from one to three loculi. 
The perianth is inconspicuous. The flowers are inserted with or 
without bracteoles on a spadix or on the thick axis of a spicate or 
paniculate inflorescence (Fig. 172). 

Their mode of growth is somewhat various. Most Palms bear their 
leaves closely arranged in a crown at the top of a tall or of a quite 
short stem, which is clothed for some distance below its apex with 



OKODP IV. — FH&NSROOAMB. 211 

the remains of the older withered leaves. Bat in some genera, e.g., 
Calamus, the sterna creep or climb and the leaves are inserted at some 
distance from each other. The blade of the leaf commonly splits in 
the couvae of its growth, assuming a palmate or pinnate form. 

Palms chiefly inhabit the tropics, particularly the Moluccas, Brazil, 
and the region of the Orinoco. 

Fhcenix dactyli/ern (theD.ite Pnim), a nntive of Asia and 
Africa, lias pinnatilid. leaves. Of the three ovariea, one only 
developss to form the frait which ia known aa the date ; the 
atone of the date Consists of a very thin testa enclosing the 
largo masa of enduaperm in which the embryo is imbedded. 
CiKot tiiKifem (the Coooa-nat Palm) has, aa is well knowa, 
manynaes. The fruititsetfiaagiganticdrupnceoua fruit; the 
mesocarp is traversed hy an immense number of fibro- 
yasoular bundles, which are used to mako ropoa, &e. 
Inside the excosaively hard wall of the fniit itself, the endo- 
carp, lioa a single large seed. When the fruit ia mature, the 
endosperm forms a layer only a few millimetrBS in thicknsaa, 
which lines the hard shell ; the rest of the apace is filled 
with fluid, known as coooa.nut milk. The embryo, which f^^^^ paiiicla ot Cba- 
is sni^l, ia imbedded in the firm tissue of the endosperm niaidor« : i. the thick 
Duder the spot where there ia a hole in the endocarp. axis; a, the sxtemiU: 
Sagui Ramphii, belonging tfl the Moluccas, yields Sago, "^ P. **" liternal 
which is in fact the starchy parenchyma of the stem, i^l""! »' tl" psrtani' ; 
Blaia guineemlt U the Oil-Palm of West Africa; the /■""7<*^^>- 
mesocarp of the plum-like fniit yields the oil. The stems of various species of 
Calamus conatitute the so-called Spanish cane. The large and very hard endo- 
sperm, with much -thickened cell-mambranea, of Phytelephas macroaarpn, is used 
in turneiy, and is known ai vegetable ivory. CluanasTopa humitw, the Fan- Palm, 
is found in Southern Europe and Northern Afnca. Liviiiana aiiatralis ia fra- 
quently cultivated for the sake of its graceful, fan-lilce, palmatifid leaves. 

Fam. 4. Ctclanthe«. Plants of a palm-like habit in Southern 
and Central Amei-ica ; the flowers are disposed on the spadix in 
regular whorls. 

The leaves of Carladovica palmata are applied to various purposes, o.g., 

Fam. 5. TvPHACEfi. Flowers diclinous, the perianth represented 
only by scales or hairs. Stamens 1-6. Ovary mouomerous containing 
one ovule. Inflorescence a spadix, 'without a spathe, elongated or 
compact L the flowers divided according to sex. 

In Sparganinm the inflorescences are spherical apikea, which are borne termin- 
ally aud laterally in two rows on the upper part of the stem. The lower spikes 
bear only female and the upper only male flowers ; the perianth consists of scales. 
Sparganium simplex, raiiuuum, &c,, are not rare in ditches. 

Typha (the BuUrush) bears its flowers in a long tetmioal spadix ; the nul^ 
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floirers are borne at the upper and thinner portion direotly on the main axis ; 
on the lower and thicker portion are borne the female Bowers, which grow partly 
on the main axis and partly on very short lateral shoots ; the perianth is replaced 
by long haiia. Typtia angusti/olia and lati/olia are common in boga and wet 

Obdbr 6.— GLUMACEiE 
The flowera are diapoaed in spikea or paniclea generally enclosed in 
scaly bracts, and may be referred to the formula K'3 CS A3 + 3, G3. 
The perianth is either wanting or it is rudimentary. Androecium 
and gynoecium have frequently a reduced number of members. The 
seeds are abundantly furnished with mealy endosperm. — Grasses and 




paleiB, and are arranged 



Fam. 1. Grahihe£. True Grasses. The leaves are alternate on the 
stem, which is known as the haulm ; the embryo lies on the side of 
the endosperm 
(rig. 173). The 
flowers are uaually 
referable to the 
formula ^0 C2 
AS + 0, G-lSL; they 
are enclosed by 
bracts here termed 
ocanplicated inflorescences ; the perianth- 
leaves assume the form of small scales, 
lodicules ; the unilocular ovary con- 
tains only one ovule ; the grain is the 
fruit, a caryopsis, to which the two 
palere sometimes adhere, e.g., Barley 
and Oate. 

A flower of this composition is sessile 
in the axil of a hract, which is termed 
ih.<i inferior OT outer palea (Fig. 1.74 Ji, 
fia-..), and there is also a bracteole be- 
neath the perianth which is termed the 
itdiMMted aujierior or inner palea. The two palea; 
ipikeiet;ff,KiumM^ completely enclose the flower. Usually 

palcffi bBsrlng (jr> the "^ ■' ^ 

awn. ■ B,_ 3i_ the flowers laiBed from ^^ °^ mare flowera which are thus 
thBBtB ™t of tto Hii« of tbe Buperior enclosed by tlie palero are present on 
'"'"" ™' '" "■ an axis {« Fig. 174) and constitute the 

spikelet of the GraHs, and beneath the lowest flower there are usually 
two more braota which hear, small sterile flowers in their axils and 
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which are known as the glumes (Fig. 174 g). Thus a spikelet consists 
of an axis bearing two rows of bracts of which the two first and lowest 
are barren, while the succeeding ones bear each a flower in its axil, 
and beneath each flower there is also a bracteole or palea belonging to the 
floral axis itself. The inferior paleae often have, either at the apex or 
else borne on the midrib, a spinous process called the arista or awn 
(Fig. 174 gr). 

The number of flowers in each spikelet varies according to the 
genus ; often there is but one, the lowest, with rudiments of others 
above it ; if, however, only one of the upper flowers is developed, so 
that the lower palesB bear no 
flowers in their axils, they are 
regarded as glumes, several 
being therefore present in such a 
case. The spikelets themselves 
are in many genera, e.g.. Rye 
and Wheat (Fig. 175 .B), 
arranged in two rows on a 
main axis ; the inflorescence 
may then be designated an jf' 
spike; in most of the other 
genera the main axis of the 
inflorescence bears lateral bran- 
ches which are slender, of 
various length, and often 
branched again, and which 
bear the terminal spikelets ; 
in this way a panicle is formed, 

as in the Oat (Fig. 175 A), Fi<»- 176.— ^. Panicle of Oat, AvenxL sativa; 
n^,f 1. • 1.1 1 J '> mun axis; s', lateral axes; a, spikelet (^ nat. 

Ihis may be either loose and ^^ ^ gpj^^ ^^ y^^^. ,^ ^^^^. ^^ ^^e grooves 

spreading with long lateral in which the spikelets (a) lie. These are removed 

branches (Fig. 175 A), or "^^ *^« io^«r part 
compressed, with very short branches, e.g., Alopecurus. 

The, stem is usually tall and the long internodes are hollow ; the 
sheath of the leaf is largely developed and frequently extends over 
several internodes. A membranous ligula is often found at the junc- 
tion of sheath and lamina (v, p. 9, Fig. 8 A). 




The Grasses are classified as follows : — 

Group I. Panic(ddece» More than two glumes present : that is to say, that 
the lower pale« have no flowers in their axils. 
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Family 1 . OryzetR. Glumes four, often represented only by bristles. Oryza 
saliva, is the Eice-plant — from the £ast Indies ; cultivated in marshy regions of 
Southern Europe. 

Family 2. PkalarideoR. Glumes four, the inner pair being smaller. PhcUaris 
arundinacea is common on the banks of streams, etc. : a variety with white- 
streaked leaves is cultivated in gardens. ArUhoxaiUhum odoratum, Vernal Grass, 
which has only two stamens and a paniculate inflorescence, is common in meadows : 
it gives the peculiar odour to fresh hay. 

Family 3. Andropogonees, Glumes three, of which the lowest is the largest. 
Zea MaiSy the Maize Plant, is cultivated in warm countries ; its flowers are 
monoecious : the male flowers form a loose panicle at the apex of the haulm, and 
the female flowers are borne laterally on a thick spadix, which is ensheathed by 
leaves. Saccharum offidrutrumy the Sugar-cane, is a native of the Elast Indies. 

Family 4. Panicece. Glumes three, of which the lowest is the smallest. 
Many species of Panicum occur, especially on ploughed land : the spikelets are 
arranged in compound racemose ears. 

Group II. Poceoidece. Only two glumes present : in the single flowered spike- 
lets the upper flowers are abortive. 

Family 6. Chloridece, Spikelets one-flowered, in compound spikes. Oynodon 
DactyloUy is often abundant on waste ground. 

Family 6. Stipeoe. Spikelets one-flowered, cylindrical or flattened posteriorly : 
in panicles. Stipa pennata has a long hairy awn. Milium eff%isimiy without an 
awn, is common in woods. 

Family 7. Agrostidece. Spikelets one-flowered, flattened laterally ; arrangement 
various : 

(a,) in loose panicles ; in Agrostis the axis of the spikelet is glabrous, or it bears 
short hairs ; A. vulgaris and stoloni/era are common in meadows and woods : A. 
Spica ventiy is common in fields ; — in Calam agrostis, many species of which occur 
on the banks of rivers and woods, the axis of the spikelet is covered with long 
hairs. 

(b.) in dense panicles : Alopecurus (Foxtail Grass), with the glumes cohprent 
at the base, and with only rudimentary palese: Phleum, Cat*s-tail Grass^ with 
free glumes and distinct palese : both common in Meadows. 

(c. ) in simple spikes : Nardus stricta, the Mat-wead ; the glumes are either 
inconspicuous or absent ; a single stigma ; the haulms and leaves are very rough ; 
common in marshy meadows and on poor soil. 

Family 8. Avenaccce. The spikelets consist of several (usually two) flowers ; 
the glumes (or one of them at least) are as long as the whole spikelet : Avena, the 
Oat, has loose panicles, and two-toothed inferior palese : of this genus there are 
many species ; A. elatior, patescens, florescens, are common in meadows. The 
following species are cultivated :— A. saliva, with its panicles in various planes ; 
A. orientalis, with its panicles in one plane ; A. strigosa, with a hairy floral axis, 
and A. nuda, the spikelets of which usually consist of three flowers. Aira 
ccespitosa and flexuosa have truncate inferior palese, and are common in meadows 
and woods. Holcus, the Honey-grass, has spikelets consisting of two flowers, 
the upper or which is usually male, and the leaf-sheaths are covered with silky 
hairs ; it is common in damp meadows. 
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Family 9. Arundinecs. The spikelets are many-flowered : the glumes are 
shorter than the spikelets ; the axis of the spikelet is covered with silky hairs. 
PhragmiUs communis, the Reed, is common on the banks of ponds, etc. Molinia 
ccerulca has a very lonf^ haulm, consisting for the most part of a single internode ; 
it is common in woods. 

Family 10. Festucacecs. The spikelets are usually many-flowered, and the 
glumes shorter than the lowest inferior palea. Melica, the Pearl-Grass, has some- 
times spikelets consisting of a single flower only ; the glumes are long ; it is com- 
mon in woods. Briza, the Quaking-Grass, has spikelets which are compressed 
laterally and are cordate at the base ; it is common in meadows. Koeleria cristaia 
has dense panicles ; it is common in dry meadows. Dadylis glom^rata, the 
Cock's-foot Grass, has dense panicles divided into parts which have longer stalks ; 
it is common in meadows. Poa pratensis, ttivialis, etc., are common in meadows ; 
their spikelets are compressed laterally ; the glumes have a sharp keel ; P, annua 
is common by the roadside. Festitca elatior, and others, the Fescue Grasses, are 
common in meadows. Bromus, of which there are several species, is common in 
fields (B. secatinusjy in meadows fB, mollis and others), by the roadside (B. 
sUHlis, teetorum), Brachypodium has very shortly stalked spikelets arranged in 
a spike : common in woods and hay-meadows. 

Family 11. ffordeaeece. The spikelets are situated in depressions on the main 
floral axis, forming the so-called spike. In Lolium, the Rye Grass (L. perenne 
is common everywhere), the posterior surface (that is the middle line of 
the posterior glume) is directed towards the main axis, and this glume is usually 
rudimentary. In all the other genera the side of the spikelet is directed towards 
the main axis. Secale cereaJe, the Rye, has two-flowered spikelets and nan*ow 
awl-shaped glumes. Triticum, the Wheat, has three or more flowered spikelets, 
with ovate glumes ; T. repenSf the Twitch, is common everywhere ; its spreading 
rhizome makes it a troublesome weed. The following species are cultivated ; T, 
vulgarCf the common Wheat, with long glumes, which have no keel, and T. turgi- 
duTYij English Wheat, with short keeled glumes ; both these forms have a wiry 
floral axis, and the fruit easily falls out of the glumes : T, Spelta, the Spelt, 
which has an almost quadrangular spike, and T. dicoccum, with a compact 
spike, have a brittle floral axis, and the fruit is firmly enclosed by the glumes. 
In all the species the length of the awn varies very much. Hordeum, the Barley, 
has three single-flowered spikelets inserted together in one depression on the 
floral axis. H. murinumy is common on the roadside and on walls. The follow- 
ing species are cultivated : H. vulgare and H. hexastichum, with only fertile 
spikelets ; in the latter species the spikelets are all equally distant, and are 
therefore arranged in six rows ; in the former species the median spikelets are 
nearer together, and the lateral ones more distant, so that they are described as 
being in four rows : further, H, distichum is the two-rowed Barley, the lateral 
spikelets of which are male, so that the fruits are arranged in two rows. The fruit 
usually adheres to the glumes. 

Fam. 2. Cypbrace^, or the Sedges. The leaves are arranged in three 
rows on the stem ; the embryo is enclosed in the endosperm. 

(a). Sctrpece; the hermaphrodite flowers form a spikelet and are 
situated in the axils of spirally arranged or distichous bracts 
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FiQ. i7«.— : 

p. the bristly 



without an; bractooles. These Bpikeleta are often arranged eo aa to 
form spikes, panicles, umbels, or capitula ; the flower haB the formula 
^3 C3 ^3 + or 3, G^. The leaves of the perianth are usually 
bristle-like (Fig. 176) ; in Erio- 
phonim they are replaced by a 
number of haiis, or they are alto- 
gether wanting. Only the outer 
whori of stamens ia usually present. 
Sdrpua, the Rush, }iaa a bristly 
poriaiith ; in somo speciea the gpikeUts 
era solitmy, se in Sdrpus acipitima, in 
o( Beirfiui (magnified); others there are lateral spikfllotS In 
, a the t ree stamons ; ^ditjon on short stalks, as in S. laciu- 
iria, oronlongstalka, asinS. s^iBaifctW. 
Enopkoram, augiisHfelium, lati/olium, and others are common on moora ; ths 
haira of the perianth, after Qowering, grow t<i a considerable length. Cyperva 
fuaeua ia common in damp spots. Cypenis Fapyrvg is an Egyptian species, from 
whicli the Papyrus of the ancients was made. 

(h). The CaricecE have dtclinoas 

flowera with this peculiarity, that the 

tuale and female flowera differ in their 

structure. The male flowers have the 

, formula, KO CO AZ + 0, GO; they 

are situated in the axils of bracts (Fig. 

B and D) and form simple 

spikes. The female flowers have the 

formula KO CX) AO + 0, Gi^ or i^ end 

are not sessile in the axis of tlie 

bracts (b in Fig. 177 A and C), 

. but a short branch springs from the 

' axil of each of these leaves bearing a 

, single hracteole (« in Fig. 177) and it ia 

" in the axil of this hracteole that the female 

flower, which consista of a trimerous 

or more rarelydimerous ovary, isaituated. 

The hracteole (s in Fig. 177 ^ and C) increases greatly and invests the 

frait, forroiiig the so-called viriculus. 

The Genus Carei, the Sedge, contains nunierous species which grow mostly in 
damp localities ; they have stiff leaves with sharp or ssw-like edges, hut only a 
few of them are difecions : in most the male and femele tufloresceuees occur on 
(he same mis. Id one large section of them, the two sfxes occur on the same 
sjiike nbich is either male at the base auiI fimale at the tof, or vicc-iersa. '^Vhcn 







. bract : «, bracteole. 
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this is the case the axis bears either only one terminal spike, as in Carex pulicaria 
and C. paticiflora, or several spikes forming a capitulum at the apex, as in C. 
cyperoideSf or a panicle, as in C. arenaria, brizoides, muricaia. In the second 
section on the other hand, each spike is unisexual, and then the male spike is 
almost always terminal on the axis and the female lateral, as in Carex actUat 
glaucaf prcecoXf digitatd^ jlava^ and paludosa. 

Order 6.— ENANTIOBLASm 

The flowers have the formula K^ 03 A3 + 3, 03, though occasion- 
ally some of the members are absent : the ovules are not anatropous, 
as in most of the Monocotyledons, but orthotropous ; hence in the 
ripe seed the radicle of the embryo lies diametrically opposite to the 
hilum (comp. Fig. 130). 

The Restiaceffi, Eriocaulonese, and CentrolepiderB are grass-like plants, with 
diclinous flowers, belonging to the tropics and to South Africa. The Xyrideae 
and Commelynaceee are also.tropical forms with a distinct corolla ; species of Con- 
melyna aud Tradescantia are cultivated as ornamental plants. 



Series III.— COROLLIFLOIiiE. 

Order 7.— LILIIFLOR^. 

Flowers usually conspicuous, solitary, or combined in various forms 
of inflorescence, having usually the formula K3 C3 A3 + 3, (? (3) 
but sometimes with 2, 4, or 5. Suppression of a whole whorl is more 
frequent than that of separate members. The two whorls of the 
perianth are usually alike and petaloid, sometimes they are sepaloid, 
and in rare cases the outer one is sepaloid and the inner petaloid. 
The ovary may be superior or inferior : it is trimerous and generally 
trilocular. The embryo is enclosed by the endosperm. 

A. Ovary superior, 

Fam. 1. JuNCACEiE, K3 03 A3 -\- 3, G^, Plants of a grass-like 

aspect ; they diff'er, however, from the preceding families in that they 

have a complete perianth and androecium and anatropous ovules, and 

from the succeeding ones by the dry and glumaceous character of the 

perianth. The leaves are linear or tubular ; the inflorescence is an 

anthela (see p. 202). 

The species of Luzula, which have a unilocular three-seeded ovary, multiflora, 
pilom, campestria, and alUday are common in woods aud on heaths. Juruma has 
a trilocular many-seeded ovary ; plants of this genus are often called rushes ; 
J. glaucus and effusus have a tubular stem and leaves, and a terminal inflorescence 
which is displaced laterally by a tubular bract which appears to be a prolongation 
of the stem ; they are common in wet fields ; J» bu/oniuSf by waysides. 
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FanL 2. Liliack«. ^3 C3 ^3 + 3, G^ ; both whorls of the 
periaath are petaloid : the Qowers are not zygomorphic. 

Sab-family I. Heiakthacex, with > septiddal capsalb 

Tofieldia patiutra his eosiform radical Imtes ; the flowery which are pale-Kreeo, 
are digposed in a. taceme on a scape : it occurs in the north of Englaiid, in wet 
jilaceg on monntaius, but it is rare, f^tralrum ollrum and nigrum have broad ovate 
leaves. Coic/iicum aiUumnaU is the Aotunin Crocns : when it is flowering in the 
aatanm the ctemis oudenrroand ; it is at this time short and aleoder (Fig. 178 k'} 




CHtal'hjIlary 



Pio, 178,— The undurgromi 

from wbkh proceed tbc roDts, 

«nToLnp«« all thfi underground pHrta of the plant ; it, tb« flawe 

;<ii>r wblcb boa dJ«d down, <U twDllrn bsul portion (k) on]; re 

jqgWrUb for tbs new plant now tn flower. The new plsnt ic h tateral eboirt Irom tbs buM 

of tbe coTOi (it), coneiatiiig of tbe aili, from the bue ot wblcb prai;eed the roots (k). and the 

middle part of i.hleh (f) swells up in the neM year into a conn, the old cotm (t) diaapi.esr- 

ini;; theniisbeantlieehenth.leaves(i. I-. >">and tbefuliage-leaieaCC, O; the Boweta (». V) 

are placed in tbe axils of tbe uppenuost foliage-leaveB. the axis itself terminating amongat 

thd flowen (alter SaeluJ. 
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attached laterally to the corm of the previous year's growth (k) and bears a few 
imperfectly developed leaves (1' 1") as well as one or two flowers (b' b") : the 
ovaries of the flowers are also subterranean ; the six leaves of the perianth cohere 
and form a tube of some centimetres in length which grows far beyond the ovaries 
and above the surface of the soil, terminating in a petaloid six-pai-tite limb ; 
the stamens are attached in the upper x^ortion of the tube. In the spring the 
underground stem swells at it^ base (k') into a corm, and grows upwards, so that 
the developing leaves (1' 1") and the capsule rise above ground ; a lateral shoot is 
fonned at its base, which, in the autumn, produces flowers, and this repeats the 
process. 

Sub-family 2. Lilies, with a loculicidal capsule. 

In a number of genera the six leaves forming the perianth cohere and form a tube 
which ends in six more or less deeply cut segments 
(Fig. 179) : e,g., Hyacinthiis orientalise the stem of. 
which is an underground bulb (Fig. 14 B). Aloe has 
thick fleshy leaves ; some species, as Aloe soccotriiuif have 
a strong woody stem, and are shrubs, or almost trees. 

There are also some among the very numerous genera, 
in which the leaves of the perianth are distinct or 
cohere only for a very short distance from the base, 
which are of an arborescent habit; for instance, the j^^ 179— Flower of the 
species of Yucca, which are indigenous to Central Hyacinth : a, a, a, the three 
America. The others have underground rhizomes or outer; t, i,i, the three inner 
bulbs. These bulbs (see § 5 and Fig. 14 B) are, segments of the pei-ianth. 
-, 1.T.J.JJ. j'i.uii which is tubular at the 

m fact, much shortened stems, covered with closely- . ^utr t izo) 

packed cataphyllary leaves which are usually termed 

scales : so long as they are young, and not very vigorous, they send up only 
foliage leaves, which appear, year by year, above the ground, but in the course 
of years the axis itself of the bulb elongates and bears a terminal inflorescence. 
After the flowering is over, this axis dies down, and a lateral shoot is formed in 
the axil of one of the scales which may either become a new bulb, or it may at once 
develope into a flowering axis, the lowest cataphyllary leaves of which are bulb- 
scales. Phormium tenax (the New Zealand Flax) has ensiform leaves, about three 
feet in length, springing from the rhizome ; their strong bast-fibres are used for 
various purposes. Lilium caivdidxim is the white Lily. L. bulhiferum^ the Tiger 
Lily, which produces bulbils in the axils of the upper leaves, and L. Martagon 
the Turk's cap Lily, have bulbs. Fritillaria imperialis is the Crown Imperial 
the flowers of which are surmounted by a crown of leaves. Tulipa Oesneriana 
is the Tulip. Scilla maritima has a bulb which is not aubterranean. Of Allium, 
several species are in cultivation for culinary purposes, as A. Cepa, the Onion ; 
A. ascalonicwnif the Shalot ; A. Schop.noprasum.e Chives ; A. porrum, the com- 
mon Leek ; A. sativinn^ Garlic. The leaves of the various species of Allium are 
generally tubular and hollow ; the flowers are disposed in spherical heads or 
umbels ; bulbils are occasionally produced among the flowers. 

Sub-family 3. Asparagine^. The fruit is a berry. 

Dracaena DracOf the Dragon tree, has a stem which continues to increase in thick- 
ness ; it is a native of the Canary Isles. Asparagus officinalis^ is the Asparagus ; 
the young shoots, which spring from the underground rhizome, are eaten. Co7i- 
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vallaria majalis is the Lily of the Valley. Maianthemum hifolium has a dimerous 
flower. The species of Smilax are creeping shrubs, the leaves of which have re- 
ticulated venation. Jtuscus aculecUus (the 
Butcher's Broom), and other species are 
small shrubs, with leaf-like branches (phyl- 
loclades). on which the diclinous flowers are 
borne in the axils of minute leaves. Paris 
quadrifolia (Herb Paris) is poisonous : the 
flowers tetramerous, or exceptionally tri- 
merous or pentamerous ; they are terminal, 
and the stem beneath bears 4 (or 3 or 5) leaves 
in a whorl beneath the flower (Fig. 180) . 

Fam. 3. Pontederiace^. Water 
plants of tropical America, with a 
Fig. 180. -Diagram of the flower of zygomorphic petaloid perianth. 

Paru quadrifolia: I, the foliage-leaveB ; ^ ^ .^y^^.^ . 

ap, the outer ; xp, the inner whorl of the *^ ^ 

perianth ; <m, outer ; in, inner whorl of Fam. 4. AmARYLLIDB-SI. KZ (73 

stamen, (atterSach,X ^3 + 3 Or 12 tO 18, 0^, Both 

the whorls of the perianth are petaloid ; it is occasionally zygomorphic 
and narrowly funnel-shaped. The fruit usually a capsule. 

Alstroemeria has a leafy stem and the habit of the Lily. The other genera 
have a very short, sometimes bulbous stem, and a long floral axis. Amaryllis 
formosa is an ornamental plant, with large tubular funnel-shaped, unequally 
toothed flowers. Galanthus nivalis is the Snowdrop ; Leucojum vemum^ the Snow- 
flake. Narcissus pseudo- Narcissus ^ poeticuSf and other species are favourite 
garden plants. The ligulse of the six segments of the perianth cohere to form the 
tubular corona. Agave americana, commonly known as the false Aloe, is a native 
of Mexico, but has been naturalised in Southern Europe. The short stem bears 
a large rosette of very thick and prickly leaves ; when it has attained a sufficient 
vigour — in Southern Europe, after from 10 to 20 years- it throws up an axis of 
some yards in length, which branches very much, and bears a large number of 
flowers, which are arranged somewhat in the form of a pyramid. 

Fam 5. Iride^e. ^3 (73 ^3 + 0, G^y The perianth is petaloid, 
and sometimes zygomorphic ; the fruit is a capsule. 

Iris (the Flag) has a horizontal underground rhizome, which throws up 
leaves which are expanded in their median plane, and scapes which bear the 
flowers. The stigmas assume a petaloid aspect, and by their concave outer 
surfaces cover over the stamens which are opposite to and below them (Fig. 181). 

Iris pumila, germanica^ and others are favourite garden plants. /. pseuda- 
corns is common in ditches. Gladiolus has an underground bulbous stem and a 
tall many-flowered scape ; the flowers are usually zygomorphic ; G. commtinis is 
frequently cultivated : G. paluster occurs on moors. Crocus, from which saffron 
is obtained, has an underground corm, from which grows a very short under- 
ground stem ; this bears the leaves which rise above the ground, and terminates 
in a flower, the ovary of which is subterranean : the tube of the i»eriantli spreads 
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above the ground into a 
I inserted. 



ix-pBTtite limb, at the base of vbich the three 



Fam. 6. Tacoacbm. ES 
CZ AZ + 3, Giii- The ovary ia 
imilocular and many-seeded. 
They are tropical herb3, and 
the leaves which spring from 
the subterranean rhizome 
have reticulated venation. 

Fam. 7. DiOBCORRfi. KZ 
C3 A3 + 3i Gn, Theovary is 
trilocular, with one or two 
ovules in each loculue. The 
flowers are dicecious. They 
are climbing plants, with large 
above or underground tubers, 
and usually triangular leaves, 
with reticulate venatioc, 
_ Dioseorra aativa (Batatas) and 
othera, known aa Yams, are Isrj^Iy 
OLiltivatHl in the tropics as a food 
rich in starch. 

Fam. 8. Brombliaces. ] 
KZ CZ AZ + 3, (?(3). The "^ 
ovary is superior, inferior, or ^p,ria„th;^,tiii 

semi - inferior. The- outer loner leaTM of the porianth; , 

whorl of the perianth aepa- "' "' "' pe o augmu (na . > 

bid, the inner potaloid. The leaves are usually long and narrow, 
sharply serrate ; the stem is generally very short. The flowers are 
hermaphrodite, and form spikes or panicles with bracts. 

Ananaasa tativa (Ananas, Pine-apple). The fruit ia a berry, and the berries of 
each ulloresceDce coalesce into a apnriuoa fruit (soioais), above which the axis 
of the inSoreecence extends and hears a crown of leaves. In a state of cultivation 
the berries contain no seeds. It is a native of America, and ia cultivated in ell 
warm countries and in hot-hoases. 




Ordek B.--SCITAMINE.S:. 

The flowers are zygomorphic or asymmetrical ■:^KZ CZ A3 + 3, 

G ^ occasionally with a great reduction in the andnxciom. Perianth 

wholly petaloid, or the outer whorl may be aepaloid ; ovary inferior, 

trilocular. Fruit, a capsule or a berry. No endosperm, but abundant 
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perisperm. They are tall herbaceous plants ; the leaves are large and 
have pinnate venation, 

Fam. 1. Mn8ACB«.\i/X3 C3 ^3 + 2, ff ,7,. Perianth petaloid, ir- 
regular ; the anterior external member is usually very large, and the 
posterior always very Bmall ; in Muaa the five anterior members of the 
perianth are connate, forming a tube which is open posteriorly : the 
posterior stamen is sterile or absent and the others are not always 
fertile. The suh-famUy of HeliconieEe differs from this type in tlie 
atruoture of the flower. They are all shrubs of colossal growth with 
enormously long leaves : the flowers are usually arranged in spicata 
inflorescences in the aTiils of large and often coloured bracts ; some- 
times several flowers spring from the axil of one bract. 

3ftaa paTadisiaai (Puang) M. Sapitniium (Banana) and if. Eiaete are nativ«g 
of tLe tropica of the old world ; the twa former ore now distributed througliout 
America and applied to a great variety of purposes ; the fruit, which ii of the 
natiire of a berry, is an article of food, and the libro- vascular bundles are used for 
making textile fabrics. 



Pro. isa.— Dtagiai 



Fam. 2. ZiNGiBEHACEa;. N|/A'3' 03 Af Z + It 2, (7;^. Perianth 
Eygomorphic. The three outer staminodea are connate, forming a leaf- 
like three-lobed body, the lahellvm, the anterior median lobe being 
innch the largest. Of the inner whorl of stamens the posterior alone 
bears a perfect anther, the other two being transformed into small 
glandular bodies. The flower of Alpinia (Fig. 183 B) differs some- 
what from this type in its structure. 

The ataich which is prepared from the ihizomn of Curcuma angu^i/olia aud 
UvarrrhUa is known ia commerce as Eaat Indian arrowroot 





Fam. 3. Cannacejs.nI/A'S C3 .,4 1 1 or 2 -(■ 1 t 2, G ,7^ The andrce- 
cium is represented by a number of petaloid bodies of which one 
only, the posterior stamen of the inner whorl, bears a on6.celled 
anther (Fig. 184 st an) ; of the staminodia one is larger than the 
others and is reflexed forming a labelhem (Fig. 184 /) ; the narrow 
ones vary in number in the difTerent species (Fig. 184 o and p). 
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' Carina iitdica and other speoies are coraraonly grown as arntimeutat plants. 
Amyiam MaranUe, the starch/ meal prewired fraiu the rhuioiae o[ liaraniii 
arandinaua, is true or West Indian arrowLtiot, 



OaDBR 9.— GYNANDR^. 

Flowers zygomorphic, reduced in 
the andrfficium which U adherent 
to the gynoecinm. Formula, \|/ ATS 
C3 ^1 + 2, Gar Ovary inferior ; 
seeds very small without endoaperm, 
theembryo a minute undifferentiated 
mass of tissue. 

Fam. 1. Orchids^. The flowers 
of most of the genera have the 
formula,Ni/iC3C3 ^ 1 + t 2, Gji, : 
those of Cypripedium, however, 
have the forrau!a,\}/^3 CZ A \ 
1+2, C;;, (Fig. 185^ J). Incon- 
sequence of torsion of the ovary the 
flower is generally so placed that 
tho posterior side of the flower 
instead of being uppermost, as is 
usually the case, comes to lie in- 
feriorly(reaitpinate). The two whorls (""«^'="«>' 
of the perianth are petaloid and zygomorphic. The 
(petal) of the inner whorl, called the lahellum, (Fig. 




terior segment 
'; see also Fij;. 




155/) is always larger than the others and varies greatly in form ; it 
frequently has a sp«r (Fig. 186 gp) or a sac-shaped cavity (Fig. 155). 
The filaments of the three stamens adhere to the three styles ; they 
tojjcther form the gynostemium {F^. 155 S, Fig. 188 B and C gt). 
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The fertile stamen bears a, bilocular anther which, by the absorption 
of the Beptum often appears to be unilocular, and ia rare cases is 
quadrilooular ; the other two members of the androecium are stamioodia 
(Fig. 155 x) and sometimes are only represented as small tooth-like 
prominences (Fig. 186). In some geuera the pollen-grains are separate 
from each other, in others they occur in groups of four (tetrads), and 
in the majority they are united into a mass which fills an entire 
pollen-sac (Fig. 186^, 156 p). When the pollination takes place — 
always by the agency of insects— the two pollen-masses (pollinia) 
become attached to the proboscis of the insect by means of a sticky 
part of the stigma, the roetellum (Fig. 155 7i), and are conveyed to 
another flower on the stigma of which they are deposited. In many 
foreign foi'ms these arrangements for cross -fertilisation are much more 
complicated. The ovary is inferior and unilocular ; it contains 
numerous anatropous parietal ovules. 

The indigenous species have underground rhizomes or tubers. Two 
tubers are usually present, the older one, which, at the time of flowering, 
becomes flaccid (Fig. 1S7 A and B, 1) throws up the flowering scape 
(Fig 187 ».) or, in young plants, a short underground stem which pro- 
duces only leaves above ground. At the upper end of this tuber 
another much firmer tuber is formed (Fig. 187, 2), bearing at its apex 




the peduncle; I, thli 



the bud of the next year's stem {K). The tuber is to be regarded as 
a lateral bud which coalesces with its first root (or more than one. 
Fig 187 B) and then increases in size. The lower end of an undirided 
tuber, as well as the ends of palmate tubers, has, in the young state 
at least, the same structure as the apex of a true root, 
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Orchds Morio, and mt'Mtorw have round or oval tubers (Fig. 187 A,), 0. latifolia 
and incamata have palmate tubers running out into roots (Fig. 187 B) ; they 
occur in damp meadows. Gymnadcnia conopsea has long spikes of flowers and 
palmate tubers ; it occurs in woods and on 
heaths. Opkrys myodeSf apiferae^nd aranifera 
have flowers resembling insects ; they occur, 
but are not common, on heaths and in pastures. 
CephalantJiera ruhru^ Epipactis latifolia, and 
others, have creeping rhizomes ; they are found 
in woods. Corallorrhiza innata has a coral- 
like, branched, underground rhizome, with no 
roots. Epipogon Gmelini has likewise no roots ; 
both 'these forms are devoid of chlorophyll, 
and grow on humus in forests. Neottia Nidus- 
avis also is without chlorophyll, and lives on 
humus in woods ; it has a fleshy rhizome 
thickly beset with roots which grow in a tangled 
mass like a bird's nest. Cypripedium Calceo- 
lusi the Lady's Slipper, grows in mountain- 
woods ; it has a creeping rhizome and broad 

ovate leaves ; the perianth is of a reddish-brown CalceoliLs: p, p, the leaves of the peri- 
colour, except the labellum, which is yellow, anth have been ciit away. J. Side 
and forms an inflated sac. The whole struc- ^e^- ^- Back view. C. Front view; 

ture of the flower is unlike that above described {' ^^^'^.^ ^\ «y^o^^^^^ • «- «• *^« 

two fertile stamens ; «, staminode ; «, 
fts typical for most of the genera ; the two g^igma (after SachsX 

stamens, which in other genera are reduced to 

starainodia, are fertile (Fig. 188, a, a, and comp. Fig. 185), and the anterior 
stamen, which in most cases is the only fertile one, is here a large staminode 
(Fig. 188 s). 

A still greater variety of forms is found among the tropical genera and species, 
which for the most part grow upon trees (epiphytic) and throw out large aerial 
roots. Vanilla planifolia and other species have a long pod-like fruit which is 
well-known for its perfume and flavour as Vanilla. Vanda, Oncidium, Phajus 
and other genera are extensively cultivated in hot houses for their beautiful and 
often fragrant flowers. 




Pig. 188.— Plower of Cifpripedium 



Class X.— DICOTYLEDONS. 

The embryo has two opposite cotyledons ; the endosperm is frequently 
absorbed before the seed is ripe. 

The ripe seed sometimes contains a large mass of endosperm and a 
small embryo, as in the XJmbelliferse and EuphorbiaceaB ; frequently the 
embryo is relatively large and the endosperm occupies only a small 
space, as in the LabiatsB ; or, finally, the endosperm may be wholly 
wanting and then the embryo fills the whole cavity of the testa, as in 
the Horse-chestnut, the Leguminosse, and the Compositse. 

15 
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The emhryo usually has distinct members, consisting of an axis 
and two opposite cotj'ledons ; in rare cases, e.g., Corydalis, only one 
cotyledon is present, or abnormally three may occur, as is occasionally 
the case in the Oak and Almond. The cotyledons usually constitate 
the greater portion of the embryo, as in the Leguminosse (l^^ig. 189 
A c) and the HoTse-chestnnt where tbey are thick and fleshy. The 
stem (canlicle) bears at its apex above the cotyledons either a bud 
consisting of several leaves (plumule), as in Victa (Fig. 189 Kri) or it 
is naked. In parasites and saprophyteH which are devoid of chloro- 
phyll, and which have very small seeds, such as Pyrola and Orobanche, 
the embryo is quite undifferentiated ; it is simply a mass of tissue 
consisting of a small number of cells. 

On germination, after the testa is ruptured, the hypocotyledonaiy 
portion of the axis elongates so as to push the root out of the seed ; 
the root immediately begins to grow rapidly and attains a considerable 
length (F^. 189 B h) whilst the remainder of the embryo is still 




Fici. ise. — ricit /Vito, the Bean. J. Seed wlthone o( 
tbe ooCjfledoiu lemoved ; e. Uie remaining cotylgdaa ; 
It, mdlcls ; kn. plumule : i, test*. B. Gsnuiinting seod ; 
>. tesU ; 1. a portion ol the teeta torn awa; ; n, hllum : 
il. petiule of one ol Van cotTlsdong ; J;, curved portion 

bypacotflodanary portion of tUe biIb ; \, tlie primary 
root; v, ita apex; t^ bud in tbe axil of one of tbe 
eotfledeua. 




Fia. IM,~8eedllng of tbe Hi 

uat. iluj): c, e, tbe cot; tedona i 

n, the plumule ', be, the bypocoty- 
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contained in the seed. The cotyledons may either remain enclosed in 
the seed during the whole process of germination, and perish so soon 
as the nutritious substances contained in them have been absorbed by 
the plant (e.g., Horse-chestnut and Yicia, Fig. 189), their petioles at 
the same time elongating so that the plumule, which at first is bent 
inwards, is pushed out and subsequently becomes erect ; or, as is more 
generally the case, the cotytedons escape from the testa (Fig. 190), 
become green, and act as the first leaves of the young plant. 

The axis of the embryo frequently persists as the main axis of the 
plant which grows in length and produces numerous less vigorous 
lateral shoots ; but it often happens that some of these lateral branches 
subsequently grow as vigorously as the main axis ; when this is the 
case and when also the lower and feebler shoots die off, a head, such 
as is common in forest-trees, is the result; in the case of shrubs 
vigorous branches are formed quite low down on the main stem. In 
many forest-trees the stem (trunk) and branches are sympodial, the 
uppermost lateral bud growing each year in the direction of the main 
axis which does not itself develope any further ; besides these there 
are many and very various arrangements by means of which the life 
of the individual is transferred to new lateral shoots ; such as the forma- 
tion of rhizomes, runners, tubers, and sometimes of bulbs, on stems 
and roots. When the axis of the embryo continues to be the main axis 
of the plant the primary root also devolopes greatly, and forms a tap-root 
from which the lateral roots grow in acropetal succession ; in cases 
in which the growth in length of the tap-root is limited, numerous 
adventitious roots spring from its older portions ; these may again 
give rise to lateral roots, and by a repetition of this process an elaborate 
root-system is formed. 

The fibrovascular bundles of the stem are almost always open and 
the growth in thickness of the stem is effected by the activity of the 
cambium-ring which is formed (y. § 26). In certain cases, there are, 
in addition to these fibrovascular bundles which together form a ring, 
other isolated bundles which traverse the stem longitudinally, as in 
Begonia and Aralia ; even more complicated modification in the 
arrangement of the bundles occur in Piperacese, Sapindaceae, Menis- 
permacese, Phytolacca, &c. 

The branching of the stem is invariably monopodial and almost 
always axillary. Those cases in which, as for instance, in the racemes 
of the CrucifersB, the bracts are suppressed, are obviously not excep- 
tions to this rule. ; 

The leaves exhibit infinite variety both in their relative position and 
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in their foniL The foliage-leaves almost always consist of petiole and 
blade ; sheaths which surround the stem are comparatively rare, but 
stipules on the contrary are very common. Branching or sulxiivisicHi 
of the leaves is common and is frequently indicated by the incision of 
the margin. The venation of the leaves is characterised by the 
presence of a large number of veins which project on the under 
surface, except in thick fleshy leaves, and which frequently anasto- 
mose ; a midrib is almost always present giving oflf lateral branches 
to right and left. 

The flowers, when they are lateral, are usually furnished with two 
bracteoles : they differ very considerably in their structure and cannot 
be referred to any one type. The following are the principal forms : 

1. In a considerable number the perianth and the androecium are 
isomerous, consisting of four, five, or six members ; their arrangement 
is either spiral (f ) or whorled, so that the stamens are always super- 
posed on the leaves of the perianth ; the latter are all similar and are 
sepaloid ; there is no corolla (Juliflorse). Formula, P5 | A5, or Pn 
+ n. An + n, where n = 2 or 3. 

A certain connection exists between flowers having this structui^ 
and those in which there is in addition an alternating corolla and a 
second whorl of stamens which are superposed on the petals, as in 
many CentrospermsB. Formula, ^n Cn An + n, where n usually 
= 5. 

2. In a second group, all the parts of the flower are arranged in a 
continuous spiral : the perianth may be simple, or a corolla may be 
developed in place of the external stamens ; when this is the case it 
alternates with the calyx, provided that it is isomerous with it, as in 
the PolycarpicaB. With this type are connected by many intermediate 
forms those flowers in which the stamens are in whorls, and are much 
fewer in number ; their formula is Kn On An + n, where n usually 
= 5 or 4. This is the most common type of the structure of the 
flower ; it occurs in most EleutheropetalaB and GamopetalsB ; it may 
be modified either 'by the suppression of one (usually the inner) whorl 
of stamens, or by their multiplication, their branching, or their 
jcohesion. 

3. Finally there remain the flowers with a simple perianth : they 
cannot be directly compared with either of the above types, and they 
must therefore be left unexplained for the present, and the relation- 
ships of their families must remain uncertain. These are the Mono- 
chlamydeae and the Tricoccae. 

.; The sub-divisions in which the Dicotyledons are arranged in the 
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following classification are especially characterised by the above- 
mentioned peculiarities in the structure of the flower. It is impossible, 
however, to draw sharp distinctions between the sub-divisions, the 
orders, and sometimes even between the families, for the position of a 
plant in the system depends not upon any one character, but upon the 
the aggregate of its characters. 

Sub-class I. JuLiFLORiB. The flowers are always small and incon- 
spicuous, with a simple sepaloid perianth or without any perianth i 
they are usually diclinous, and they are generally arranged in amenti- 
form, glomerulate, or spadiciform inflorescences. 

Order 1. PiperinsB. 
„ 2. Urticinse. 
„ 3. Amentaceas. 

Sub-class II. MoNOCHLAMYDE-ffi. The flowers have usually a simple 
perianth, but they are conspicuous and are not arranged in amentif orm 
or similar inflorescences. The ovary is usually inferior. This sub- 
class consists of plants of doubtful affinity. 

Order 4. SerpentarieaB. 
„ 5. RhizanthesB. 
6. Balanophoreae. 



>> 



» 



7. Santalinae. 



Sub-class III. Eleutheropetal^. The perianth is rarely simple ; 
it usually consists of calyx and corolla, although the latter is suppressed 
in many cases. The petals are very seldom coherent. 

A. TricocccB, Flowers usually diclinous ; perianth usually simple, 
but sometimes consisting of calyx and corolla, and sometimes absent ; 
ovary superior and usually trilocular, with one or two anatropous and 
generally suspended ovules in each loculus ; seed containing endosperm. 

Order 8. Tricoccse. 

B. Centrospemwe, Flowers usually hermaphrodite ; perianth simple, 
or consisting of calyx and corolla ; ovary superior with a single central 
ovule or a central placenta ; seed containing endosperm. 

Order 9. Polygoninse. 
„ 10. CaryophyllinsB. 

C. AphanocycUcce. Flowers acyclic, hemicyclic, or cyclic ; perianth 
in some cases simple but usually consisting of calyx and corolla ; 
stamens nearly always more numerous than the segments of thQ 
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perianth, sometimes indefinite "with a spiral arrangement, some- 
times multiplied, and rarely encyclic with the perianth ; gynoBcium 
sometimes apocarpous; ovary nearly always superior, with usually 
parietal placentsB. 

Order 11. PolycarpicsB. 

„ 12. Cruciflorge. 

„ 13. Cistiflorae. 

„ 14. ColumnifersB. 

D. Eucyclicce, Flowers mostly hypogynous, cyclic, 4- or 5-merous, 
having calyx and corolla and two whorls of stamens, the number of 
stamens in each being the same as that of the petals, rarely a larger 
number ; gynoecium syncarpous. 

Order 15. Gniinales. 

„ 16. Terebinthinae. 

„ 17. -^culinae. 

,, 18. FrangulinaB. 

E. Caliciflorce, Flowers almost always either perigynous or epigy- 
nous, cyclic, 4- or 5-merous, usually with calyx and corolla; the 
stamens are as numerous or twice as numerous as the petals, in one or 
several whorls ; gynoecium syncarpous or apocarpous. 

Order 19. UmbellifloraB. 

„ 20. SaxifraginsB. 

„ 21. Passiflorinae. 

„ 22. OpuntinsB. 

„ 23. MyrtiflorsB. 

„ 24. Eosiflorse. 

„ 25. LeguminossB. 

„ 26. ThymelseinoB. 

Sub-class IV. Gamopetal^. The perianth always consists of calyx 
and corolla, the latter being nearly always gamopetalous ;. the corolla 
is suppressed in a very few cases only. 

A. Isocarj)ece, The carpels are nearly always as numerous as the 
segments of the calyx and corolla ; ovary usually superior. 

Order 27. Primulinae. 
„ 28. DiospyrinsB. 
„ 29. Bicomes. 

B. Anisocarpece. These are usually only two median (or somewhat 
oblique) carpels. 
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: ovary superior. 

Order 30. Diandne. 

„ 31. Contortse. 

„ 32. Tubiflorffl. 

„ 33. Labiatifloim 
ovary inferior. 

Order 34. Cainpanuliiue. 

u 35. AggregatiB. 



SuB-CLisa I^TULIFLOE^ 

The flowers are always small and inconspicuoas with a simple 
sepaloid perianth or without a perianth ; they are usually diclinous, 
and they are generally atranged in amentiform, glomemlate, or spadici- 
form inflorescences. 

Order 1 , FiPEBiN£. 

The flowers are usually hermaphrodite, and they are arranged in a 
spike or a spadix, with bracts ; perianth usually absent Ovule or- 
thotropous, solitary, basal, or suspended ; in rare cases there are several 
parietal ovules. The embryo is small and lies imbedded in endo- 
sperm, in a depression of the abundant periaperm. 

Fam. 1. PiPERACKX. 
Ovary unilocular with 
a single orthotropous, 
erect,centralovule. The f— I 





spadix with peltate sub- 
tending bracts (Fig. 
191 /, Mow) in the 
axils of which the 
flowers are sitnated. 
The flower consists only ^ 
of an ovary (Fig. 191 / flQwori 
above) and six, three, or '™<i'"i 

'. "> "> ata>nein;/(ab(iTe), ovary it, i»« (4), without any bracl* 

sometunes two stamens; surface at tho spadix (mag.). (nat 8i»> 
the fruit is a berry. 

FiptT niffnmt it a climbing ehrub belonging to tlie Elast IndiM ; thennripe 
dried fraits are hUck pepper ; irhite pepper couBiets of the ripe fruits of the same 
plant, nhich, after maceration, are freed from their outer uoat 



Fia. le2._Parto[U]eit«m 
t Vnica vmt, Tith a leal 
';, in tbe axil ol «lilch is 
lie branch {m), at the baaa 
[ which m Uis Inflorewno- 
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Order 2. — Urticinji. 

Flowers usually diclinous, in inflorescences of various forms : perianth 
usually present, simple, sepaloid, consisting of five or four (2 + 2) 
segments ; stamens opposite to the segments of the perianth excepting 
in the Plataneae (Fam. 5) ; ovary superior, monomerous, unilocular, 
a second rudimentary carpel is usually present in the form of a second 
style ; ovule solitary, in different positions. Seed commonly contain- 
ing endosperm. The inflorescences in Fam. 1-3 are usually situated 
two together at the base of a modified shoot which springs from the 
axil of a leaf, and they are cymose (Fig. 192). The leaves are 
generally hirsute. 

Fam. 1. Urtice^. Ovule central, orthotropous, erect. Seed contain- 
ing endosperm. They are mostly herbs or shrubs without milky juice 
and frequently provided with stinging-hairs. Flowers polygamous, 
mono-'cious or dioecious, in paniculate or glomerulate inflorescences. 

Urtica urens and dioica (Stinging-Nettles) are 
known by the stinging hairs which are distributed 
over their whole surface : the two outer seg- 
ments of the perianth of the female flower are 
larger than the inner segments (Fig. 193 B). In 
the former species the male and female flowers 
Pio. 193.-^ Male; JB 'female are contained in the same panicle, and the floral 
flowers of the Stinging Nettle, axis is but feebly developed ; in the latter they are 
Urtica : p, perianth ; a, stamen ; on different plants, and the axis is well deve- 

7v\ rudimentary ovary of the male loped and bears leaves. Bohrmria niveau a native 
flower ; ap, outer ; ip, inner whorl ^^ ^^^^^ ^^ j ^^ ^^^ ^^ y^^^ ^^^^^ ^^^ 

of the perianth; n, stigma of the . . xi ^ • i i • t^ i i 

female flower (mag.). ^°^ weaving the material known m England as 

Grass-cloth. Farietaria erecta, having polyga- 
mous flowers with a gamophyllous perianth, and destitute of stinging-hairs, 
occurs occasionally on walls, by roadsides, etc. 

Fam. 2. Morb^. Ovule suspended, anatropous or campylotropous, 
more rarely hasal and orthotropous : seed with or without endosperm ; 
the fruit is enveloped by the perianth which becomes fleshy, or by a 
fleshy floral axis. Trees and shrubs with milky juice, scattered leaves 
and deciduous stipules. 

Moras alba and nigra (Mulberry) come from Asia ; the flowers are disposed in 
short catkins ; the catkins are borne singly on shoots which, at the time of flower- 
ing, are still buds, and they contain flowers of one sex only (but the flowers are 
monoecious) ; the female flowers give rise, as ripening takes place, to a spurious 
fruit (sorosis), consisting of spurious drupes formed by the perianths. The leaves, 
jiarticularly of the former species, are the food of the silk-worip. Broussoneiia 
})apyri/eria (Paper Mulberry) has flowers like the preceding, but they are dioecious. 
The bark is made into paper in China and Japan. Maclura iinUoria, in Central 
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America, yields Fustic, a dye. Ficus Carica, ia tiie Fig-tree of Sontliem Europe ; the 
figitself (termed a sycOQUa) ia the deeply concave axis of tlie inflorescence, ou the in- 
ner flarfaceofwhichtlie flowers and subseijaeEtly the fruits, 
in the form of hard graina [achenes) are borne (Fig. 194m/;; 
the cavity is closed abovii by amall bracts (Fig. 194 t). 
Fieua elastica is tlie Indian-rubber tree ; it ia frequently 
cultivated in rooDis. F. reliffiasa and other East Indian 
species yield Caoutchouc, which is their inapissattd niillty 
juice (latei). ArloeaTpua hicisa, is the Bread-lruit tree 
of the South Sea Islands; the large spurious fruit (sorosis) of 
this tree ia roaated and eaten aa bread. Oalactodeiulion 
tUUe, the Cow-tree of Colambia, has a nutritious latex, 
while that of Aniiaria toxicaria (Java) is poUonoua. p^ ,^ -Loneili"3in»l 

Fam. 3. Cannabinb*. Ovule auapended, »™ti™of"Fig(mit.BiHi): 

.■ - - ■ 1 J a, o, flaliv BXU 0/ the in. 

campylolropous. Flowers dicecious, in paniclcd florosconco ; /, (eraaio ; m, 
inflorescences. The male flowers (Fig. 195 A) mais fiowm ; 6, braot«. 
have a 5-partite perianth and 5 short stamens ; the female flowers have 
a tubular entire perianth (Fig. 195 B p) enclosed in a bract (Fig. 
\^5 B d). Herbs with decussate leaves— ^at least the lower ones — 
and persistent stipules ; devoid of latex, 

CanaabU sativa, the Hemp, ia a native ^ 

of Aaia, cultivated thronghout Europe. 
The male inflorescences are paniclcd dich- 
aaia or acorpioid cymes, and are disposed 
ou both sides of a rudimentar; shoot at 
the apex of the plant ; the female flowers 
are placed singly on both sides of a similar 
shoot, which bears secondary aboota in 
the axils of its leaves, each having tno 

flowers. The tough bast-fihres are used in ^^^ 196.—^ Male i 
weaving and for ropi:a ; the seeds contain p^ jjjg pjrtnntli ; a, el 
u great deal of oil. Humidits Lxiinilua, Bower : r. peiianth ; . 
the Hop, is both cultivated and found * 
wild. The stem, which has the peculiarity 

of twinuig to the right, bears Lte leav.^s Jj^^hbii^g ttrfl^w''™"Bpiii,Bi! 
iu paiia, each of which has two pairs of 

membranous stipules. In the infloreaccnce the hractsare placed singly, and are 
finally represented only by their stipules. In the female inflorescence, which haa 
the appearance of a fir-cone, a rudimentary shoot is present in the axil of each 
pair of stipulea which heara two flowers on each side ; it aeema at first sight as if 
two flowers were developed in the axil of each stipule (Fig. 195 B). All the 
bracts are covered, especially on the upper surface, with numeroua yellow glanda. 
In the male inflorescence the shoot which beats the flowers iawell developed. 

Fam. 4. Uluace.£. Ovule suspended and solitary. Flowers mostly 
hermaphrodite with a 4 to 6-partite perianth (Fig. 196 A). WanAy 
plants devoid of milky juice, with deciduous stipules. The inflores- 
cences ^lomcrules) are borne directly in the axils of the leaves. 
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In the genus Ulmus the hermaphrodite flowers are fascicled in the axils of the 

leaves of the previous year, and they are invested by bud-scales ; one or more 

flowers are developed in the axil of the innermost scale before the opening of the 

leaves. The fruit is a samara, that is, an achene with a broad membranous wing 

(Fig. 196 B). The leaves are alternate, and always 

oblique. The annual shoots have no terminal bud, 

and so they form a sympodium. Two species of Elm, 

are indigenous in England. Ulmus campestris, the 

common Elm, and Ulmus Tnontana, the "Wych or 

Mountain Elm : the former has rather slender bran- 

196. —j4. Flower of ches, leaves with distinct petioles and serrate margins, 

Ulmus campestris (mag.) ; d, somewhat narrow at the base, and a seed which is 

bract; p, perianth; a, stamens, above the centre of the samara ; the latter has thick 

A Fruit (samara) (nat. size): horizontally spreading branches, leaves with very 

m, membranous margin " *• o 

(wing). short petioles and doubly serrate margins, broad at 

the base, and a seed which is central in the samara. 

Celtis ausiraliSf from Southern Europe, and C. ocddentaliSy from N. America, are 

often cultivated as ornamental trees ; their flowers are polygamous, and they are 

placed singly or several together in the axils of the oblique acuminate leaves ; the 

fruit is a drupe. 

Fam. 6. PLATANEiE. The diclinous flowers are arranged in glomerules 
borne laterally on pendulous branches. In the male glomerules a number 
of stamens are present together with scales which probably represent 
the several perianths : in the female glomerules there are similar scales 
among which are the unilocular ovaries, each containing a single 
suspended orthotropous ovule. They are trees destitute of latex 
having scattered leaves and persistent sheathing stipules. 

Platanus occidentalism from N. America, with three-lobed leaves, and P. orien- 
taliSy from the East, with usually five-lobed leaves, which are often cuneiform at 
the base, are frequently cultivated (especially the former). The smooth bark, 
which is shed in flakes, is very remarkable. The Plane may be at once distinguished 
from the Maples, which resemble it a good deal in the form of the leaf, by the 
scattered arrangement of the leaves. 

Fam. 6. CERATOPHYLLEiE. Submerged water-weeds of doubtful 
affinity, with whorled, sessile leaves dichotomously divided and sub- 
divided ; in the axils of some of these the diclinous monoecious flowers 
occur. The male flowers consist of from 6-1 2 perianth-leaves and about 
as many stamens ; the female flowers have a similar perianth and a 
unilocular ovary with a single suspended orthotropous ovule. 

Cer(itqphyllum demersurri and subrnersum occur submerged in ponds and ditches. 

Order 3. — AMEXTACEiE. 

. The flowers, which are always diclinous and generally monoecious, 
are arranged in catkins (amenta). The perianth, when it is present, 
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consiBta of five, four (i.e., twice two) or six (i.e., twice three) aegment*; 

the stamens are generally superposed on the segments of the perianth. 

The ovary is usuallj' inferior, di- or tri-merous, with numerous ovules. 

The fruit (with the exception of ITam. 7, 

the Salicinese) becomes by abortion one- , , 

seeded, and is indehiscent : the seed has no 

endosperm. The flowers are furnished with 

bracts which often form investments for the 

frait : their arrangement in the first throe 

families is as follows ; in the axil of a 

primary scaly bract (the primary bracts being 

arranged spirally in the amentum) is a ' 

flower (b) with two bracteoles o and fi, in , 

the axil of each of which is another flower ' 

with two more bracteoles o' and 0' (Fig. 197). , 

They are trees and shrubs. 

Fam. 1. Betulacka The flowers arc monceciona but i 
catkins. The female flowers have no perianth : the ovary is hilocular 
with two ovules : the fruit is one-seeded, indehiscent, without any 
investment ; the primary bract is coherent with the two or four 
bracteoles (the bracteoles o' are always absent) to form a three or five- 
lobed scale which does not adhere to the fruit. 

Alnns, the Alder. In the male amenta three Bowers with four tiwcteoleaoccurin 
the 11X11 of the primary bract, each flower haviog ft perinnth of four segments and 
fonr unbranched HtamenB. In the female amenta the median flower la absent; 
the four bmcteolea coalesce with the 
primary bract (Fig. 198 B u ») to form 
a fivc-lobed woody scale vhich persists 
after tbe fall of the fruit which U not 
winged. The male catkins occur termi- 
nally, and the female laCersllj on the 
highest lateral branch, ou the ahoota of 
the previous year; they are not encloeed 
by bud-scales during the winter, and Fio. lus.- 
blosaoming takes pkca before the open- -<''"»i iwon 
ing of the leaves. The leaves have UBU«Ily Y"" " '*' 
a J arrangement; in^. iniMjul, the white ,.. (,., ,L 
Alder, the leaves are acuminate and gray a. ibunsna, 
on the under surface ; in A, glutinom, the urns ph 
the bkck or common Alder, they are ''tenil b«t 
obovate or even emarginato and green '™"*™'* (' 
on both surfaces. In Alnua viridia, 
the mountain Aider, the male catkins only aredestitute of bnd-scales in the winter. 

Betnla, the Birch. Id the catkins of both sexes the three flowers have only the 




A. Scale rrom a male catkin of 
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bracteolM a and 0. Id the nMie flowera the perianth ia usuttUj incomplete, and 
there are only two stomeDS, the GUiueats of which are forked. In the female 
catkins, the two bracteolaa cohere vrith the primarj- bract to form a thrae-lobed 
scale which falla off together irith the winged fruit. The male catliins are home 
terminary on the shoots of the previous year, and are not corentd with bnd-acales 
duringthe wiater ; the female catkias are borne terminally on lateral dwarf-shoots, 
which have only a few leaves, and they are enclosed by bud-acales during the winter ; 
as a consequence flowering t^ikea place afterths unfolding of the leaves. The shoots 
of successive years form syiujiodia, and the leaves are arranged spirally. B. verrU' 
COM has white glands on the leaves and young shoots ; B. pubaceju has no glands, 
but the shoots arc hairy ; it U a northern form} B./nUicoaa and B. tiana are 
shrubs occurring in high latitudi-s ; B. alia is the common Birch. 

Fam. 2. Coryi^ckm. I'lowers munceciuus, iii male and female 
catkins. The male flowers have ao periaath; that of the female 
flower is rudimentary. The ovary ia hilocular with two ovules. The 
fruit is one-seeded aad indehiscent. Two flowers are borne in the axil 
of the primary bract of the female catkin, the median flower being 
absent Each fruit is surrounded b/ a leafy investment (cupule) formed 
by the three braoteoles (a a, ft, and ^a, /i, respectively) of each side. 
In the male catkin the median flower only ia developed ; the filaments 
of the stamens 

In Corylus, the Hazel, the female 
catkin resembles a bud, since the 
external sterile bracts have the same 
strueture as the bud-stales (Fig. 199 
£) ; the red stigmas projrat at the 
top i the investment of the fruit is 
irregularly cut ; a small projection is 
formed on the fruit, the nnt, by the 
remuns of the perianth. Each pri- 
mary bract of the male amentum hears 
two bracteoles a and p, and four 
forked (so apparently eight) stamens 
(Fig. 199 A). Both kinds of amenta 
are placed in the axils of the leaves 
antbers "' *''* previous year, and ate not 
> enclosed duKng [he winter ; hence 
flowering takes place before the nn- 
' folding of the leaves. Leaves distich- 

ous. C. Avellana is the common 

Hazel ; C. iubulosa, with red leaves, 
the Copper Hazel, is cultivated as an ornamental ahrab. 

In Carpinus, the Hornbeam, the fruit has a three-lobed investment ; the fruit 
is ribbed and is surmounted by the perianth. The primary bract of the male 
catkin bears 4-10 deeply forked stamens ; there are no bracteoles. The catkins. 
of both kinds are borne at the apex of short leafy shoots of the same year, hence 
flowering t«kes phuw after the unfolding of the leaves. Leaves distichous. The 
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^nnnHl Bhoota fonn gympoJia. C. £«(u^ufha3anin«gnkrstem and senatB loves 
which are folded along Uie lateral Tsina. lu Ostrjs (Southsrn Earope) the in- 
vestment of the fruit is aa open tabo. 

Fam. 3. CupuLiFEaa:. Flowers nioncBciouB with a perianth of fivu 
or six Begments. Ovary trilocular with two ovules in each IocuIub ; 
the fruit is one-aeeded and indehiacent (a nut) ; it is investod by a cupulo 
formed probably by the connate bracteoles n, fi^ n, p^, and having iia 
surface covered with scales, prickles, &c.The filamonta are not forked. 

In Quercus, the Oai, the 
male catkins are loose; each 
bract bears a single flower in 
its axil witboLit bracteolea : 
the perianth is 6-7 lobud, ■ 
and tlie stamens from S-10 
or indefinite [Fig. 200 a). 
There ia a aiugle Bower, the 
median one, in the aiil of 
each bract of the female 
catkin ; thus the cupule 
invests only a single fruit, 
forming the so-called cup 
at its base. The leaves are 
developed in f order n 
the apices of the annnal bract ; 
shoots ; the annual shoots "■ »'" ""S"*- ' 
arealwaysapical. Therflale tudlnal »rtloii ;/, ovary ;,. ™™, 
catkins are borne in the aitila of the uppennost bud-scales (pairs of stipules) on 
both long and dwarf shoots of the same year, the female catkins in the axils of the 
foliage-leaves of the apical shoota : floweiing takes place shortly after the unfolding 
of the leaves. The cotyledons remained enclosed in the testa dnring germination. 
Qaercm JRobUT is the Engliah species, of which there are two varieties, Qiier&aa 
peduncuUUa and Queraa se»silifiora : the former has elongated female catkins, 
80 that the fraita are widely aeparatod from each other, and its pinnately lobed 
leaves are shortly stalked and cordate at the base ! the latter has compact female 
catkins, so that the fruits form a cluster, and its leaves have longer petioles, and 
are narrowed at the base. Querctis Subcr is the Cork.Oak of Southern Europe. 
There are also several North American species. 

In Fagun, the Beech, the catkins of both kinds have the appearance of stalked 
capitula. The flowers ot the roala catkin are closely packed, they have a peri- 
anth of J-7 segmenta and 8-12 atamena. The female catkin consists of two flowers 
only which are invested by a single cupule and by four delicate leaflets. The 
cupula is covered with hard bristles, and when ripe splits into four valves to allow 
the two triquetrous (Vuita to escape ; each fruit bears at its apei a brosh-liko 
remnant of the perianth. The female iuitoresccnces are borne oti erect area 
iu the axils of the leaves of the apical shoot of the same year, the male on pendu- 
'lous axes springing from the axils of the lower leaves of the shoots. Leaves 
distichous, approaching each other on the under surfaces of the shoots, their 
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axillary buds approaching each other on the upper surface : the winter buds aro 
elongated and pointed. The cotyledons escape from the seed on germination. 
Fagv^ sylvatica is the Common Beech : a variety with red leaves, the Copper 
Beech, is very generally cultivated. 

In Castanea, the edible or Spanish Chestnut, some of the catkins consist at 
their lower part of female flowers and at their upper of male flowers, whilst others 
have only male flowers. In the axil of each bract there are usually either seven 
male or three female flowers ; the latter are invested by ^he bracteoles a and P, 
and by a cupule formed by the other four bracteoles ; the cupule, which is covered 
with prickles, completely encloses the fruit until it is ripe^ when it splits into 
four valves. Both kinds of catkins are formed in the axils of leaves of shoots of 
the same year, the mixed catkins being nearer to the apex than the male ones. 
The leaves are arranged spirally on vigorous shoots ; they are distichous on the 
less vigorous lateral shoots. C. vulgaris, from Southern Europe, is cultivated in 
parks ; it has undivided toothed leaves. 

Fam. 4. Juglande Ji. Flowers monoecious, the two kinds of flowers 
being contained in distinct catkins. Each bract bears in its axil a 

single flower with two brac- 
teoles. The ovary is inferior 
and dimerous, and encloses a 
single erect orthotropous ovule. 
The male flowers are usually 
borne on the bract ; they may 
or may not have a perianth, 
Fio. 201.-^. Scale of the male catkin of /M^^^arw and the stamcus are indefinite 

ni^a bearing a flower ; jj, perianth and bracteoles : (Fig. 201 A), The fruit is 

», stamens; a;, axis of the catkin. B. Female ■, j.i. i 

flower of the same plant ;£, bracteoles ;c, perianth: drupaceOUS ; the leaveS are 

n, stigmas (magnitiedx pinnate, and like the flowers 

they are aromatic. 
In Juglans the male catkins are borne on the apices of the leafless shoots of the 
previous year, and the few-flowered female catkins on the apices of the leafy shoots 
of the same year. The bracteoles of the female flowers (Fig. 201 I) grow up 
around the ovary. The succulent mesocarp is thin, and ruptures irregularly ; the 
hard endocarp opens on germination along the line of junction of the two carpels, 
and then the incurved margins of the carpels are seen as an incomplete longitudi- 
nal septum projecting between the two cotyledons of the embiyo which is 
closely invested by the endocarp. J. regittf the Walnut Tree, is a native of 
Southern Europe ; in North America, J. cinerea and nigra occur ; also various 
species of Carya, the Hickory, remarkable for its very hard wood. 

Fam. 5. MYRiCACEiE. Trees or shrubs; the flowers, which are 
diclinous and sometimes dioecious, are arranged in catkins ; a perianth 
may be present or absent, when present it is scaly. The ovary is 
dimerous and unilocular with one erect orthotropous ovule. 

Myrica Gale, the Bog- Myrtle, is a shrub occurring on moors. M, ceriferaf 
belonging to North America, secretes a quantity of wax on its fruits. 
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Fam. 6. Casdarine^ Trees having aomewhat the appearance of 
Horse-taila (Equisetum) with long channelled iatemodes and leaves 
formiog a ti>othed sheath. The flowers are in unisexual catkins ; the 
male flowers consist of a single stamea and ttvo perianth leaves, the 
female of a unilocular ovary invested hy two bracteoles, which, when 
ripe, are hard and woody ; the whole female catkin then resembles a 
pine-cone. 

Several specieB of CBSltarina ara indlgelialla in Australiii. 

Fam. 7. Salicinej!. The dicecious flowers are arranged in amenta, 
and they are borne in the axils of the bracts without any bracteoles. 
The perianth is represented hy a disc or a scale. The ovary is 
superior, dimerous, and unilocular, and contains a number of parietal 
ovules. The dehiscence of the fruit is loculicidal ; the seeds are 
furnished with a pencil of silky hairs at their bases. The catkins are 
developed at the ends of lateral dwarf-shoots which always hear scales 
or even a few foliage-leaves. 

Salix, the Willow, has entire bracts, one or mo 
oectariea (giands) in each Sower, and osnall/ tv 
stamens, entire short!; -stalked leaves, and its 
winter buds are covered by a scale which ia formed 
by the coalescence of two. The shoots, which . 
grow throughout the siiinnier, die down yearly. 
Some species, such as S. alba, fragUia, and haby- 
lonica, the Weeping Willow, have pendulous 

branches, and are aborescent ; most of them are "°- *««■—'<■ ""« : "■ "mmfl 
ahrubhy, and some, anch aa S, rtlieulala, retusa, ' ' . ' L 

and hcrbaaa are small decnmbent shrubs occur- (eiiiarired). 
ring in the Alps and in high latitudes. In S. 

purpurea and incana the two stamens are connate : S, triandra has three stamens. 
Most of the species grow on the banks of rivers ; S. aurita and eaprasi in forests, 
and S. repejis and others on moors. 

Populns, the Poplar, has toothed or lobod bracta, a diacotd perianth, and 
nnmeroas (4-30) stamens ; the leaves are olteii lobed and have long petioles ; the 
winter-buds are enclosed by a number of scales ; the shoots have a terminal bud. 
In the Sub-genus Leuce the young shoots are pubeacent, and the buds are not vis- 
cid ; the male flowers have usually only from 4-3 stamens, and the stigmaa have 2-4 
lobes : to this section belong P. alba, tho Wliite Poplar or Abele, with fiva-lobed 
leaves on the elongated ahoots, which are woolly beneath, and P. trcmula, the 
Aspen, with sinuate-serrate leaves glabrous beneath, wliii:h arc versatile on the 
long slender and compressed petiole, and which are therefore very readily sat in 
motion by the wind. In the Snb-genua Aigeiroa, the young shoots are glabrous 
and the bada viscid ; the bracts are glabrous, and the nnmW of stamens is usually 
from 15-30 ; the stigmas are entire or shortly lobed; to this section belong P. 
nigra, the Black Poplar, and a variety with erect branches, the Lonibardy Poplar ; 
of the latter, only male uidividuals are usually cultivated. 
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Sob-Class IL— MONOCHLAMYDE^ 
The flowers have a simple perianth ^vhich is not difiereatiated into 
calyx and corolla ; they are usually couapicuous and do not form 
amentaceous inflorescences ; the ovary is usually inferior. The 
families which are here grouped together are all of douhtful affinity, 
but they agree in the very simple structure of their flowers ; this sub- 
class must therefore be regarded as provistouaL 

Order i. — Serpen tari«. 
Fara. AmSTOLOoeiE*. Flowers hermaphrodite : Perianth of three 
connate petaloid segments forming a three-lobed tube : Stamens 6 or 
12 ; Ovary inferior, usually 6-locular, with numerous ovules in two 
longitudinal rows along the inner angles of the loculi. The minute 
embryo is enclosed in the copious endosperm. They are herbs or 
shrubs, often climbing, with large leaves. 

In Aaaram eTimpxum (As»iab»coa) the tlireo 

lobes of the perianth are eqnal ; this twelve 

stnmens are free, and the coanective is produced 

(Fi^. 203). The annual shoots of the creeping atem 

bear four cfttaphyllary leavea, two largo petiolate 

reniform foliage-leaves, and a terminal flower. 

The lateral branches sprini; from the axils of the 

uppermost foliage-leaf and of the scales. In Ariw- 

to1ochia(see Fig. 15ip) the limb of the perianth 

is oliliquely lipped ; the six anthera ate sessile 

and adnate to the short stjle. A. Sipho is a 

Fio, 203. — .irarum mrojKfum Rlimbet frequently cultivated; A. CUmatilia 

Ix.nKit«di,.al «ctLon of tte flower ^ ^^ ^^ ^^ ^ 

(tDHff.) : p, pflrtfttith (after 8acba> * 

occur usually several together iiL the axils ol the 
leaves, and those of the former ia pairs, one above the other, together with a 
branch in the axils of the leaves of the shoot of the previous year. 

Order 5. — Ehiz anther. 

Parasites devoid of chlorophyll and without foliage-leaves, with a 
usually deformed vegetative body, and cither solitary flowers of remark- 
able size or small flowers in a compact inflorescence. Ovules very 
numerous ; embryo rudimentary ; seed with or without endosperm. 

Fam. 1. CmsTJt. Cytinvs Eypodstis is parasitic oa the roots ofCistOBiD 
Sonthem Earope ; other species occur in America and South Africa. 

Fam. 2. Htdkorb«. Uydnoraandothereare paraaitioon therootsof Enphor- 
biie in America and in Sonth Africa. 

Fam. 3. RafflesiacEjB. Itaffma Arnoldi is conspieuoas for the enonnooa 
lize of its flower ; it is parasitic on the roots of Ampelidwe in the East India 
Islaada 
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Order 6. — Balanophorbjb. 

Parasites devoid of chlorophyll and without foliage-leaves, with 
a deformed vegetative body. Flowers dioecious or monoecious, in 
many-flowered inflorescences. The female flowers usually consist of a 
unilocular, one-seeded ovary : the ovule has no integument ; it is 
suspended, and it adheres closely to the ovary. The embryo is very 
small. 

Balanophora, Lophophytum and others are Brazilian genera; others inhabit tro- 
pical Africa ; Cynomorium coccineum is found in the Mediterranean region. 

Order 7. — Santalin^. 

Parasites with entire leaves, and provided with chlorophyll. 
Stamens equal in number to the leaves of the perianth and superposed 
upon them ; ovary inferior ; ovules devoid of integument. 

Fam 1. Santalace^. Flowers generally hermaphrodite; ovules 
suspended upon a free-central placenta : perianth 3-5-lobed ; fruit a 
nut or a drupe. 

Thesium linophyllum, the Bastard Toad-flax, is an indigenous plant which is 
parasitic on the roots of other plants. The leaves are narrow and linear. The 
bracts of the flowers, which are disposed in racemes, 
are usually placed high up on the pedicels, close under 
the flowers, and in most of the species constitute 
with the bracteoles a three-leaved epicalyx. The 
stamens are filiform, inserted at the base of the lobes 
of the perianth. The perianth is persistent, remain- 
ing curled up at the apex of the indehiscent fruit of Thesium viontanum: /, ovary ; 
(Fig. 204 B), Santalum album, an East Indian p, perianth; $, stamens; n, 
tree, yields Sandal wood. stigma (enlarged). 

Fam. 2. Loranthacb^. Flowers diclinous or hermaphrodite; 
ovule erect, adhering to the wall of the ovary : perianth of 4, 6, or 8 

leaves ; fruit a berry. 

Vi8CU7n album, the Mistletoe, 
is parasitic on various trees 
forming conspicuous evergreen 
bunches. The stem bears a pair . 
of opposite leaves (Fig. 205 b b), 
from the axils of which new 
branches spring, each bearing a 
pair of cataphyllary leaves and 

then a pair of foliage-leaves, p,o. 205.—^. Terminal shoot of a female plant of 
while the main axis ceases to the Mistletoe, VUcum album: «, stem; 6, 6, leaves; 
grow, or produces a terminal *» *» axillary buds ; /, three female flowers with the 

inflorescence, consisting of three 
flowers (Fig. 206 hf); branches 
or inflorescences may also spring from the axils of the cataphyllary leaves. 

16 




Fio. 204.—^. Flower ; B, fruit 




fruit set. B. Male flower (mag.); p, perianth; a, 
anthers adherent to the leaves of the perianth. 



The 
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flowere are direcioua. The fmil b a one-seeded berry with, a viscid pericarp, bj 
means of which the seeda became attached to ti-ees, and thos effect the distribution 
of the plant. The male flowers hare maltilocular sessile anthers which are inserted 
<FiR. 205 B a) upon the leaves of the perianth. LoranUtua mropieut occnrs npon 
Oaks in Eastern Europe, 

ScB-CLAsa IIL— ELEUTHEROPETAL^ 

The perianth is usually differentiated into calyx and corolla, though 

in many cases the corolla ia auppresaed. The corolla is nearly always 



L. Tricoccce. 

Flowers usually diclinous ; the perianth sometimes consists of calyx 
and corolla, sometimes it is simple, and occasionally it is absent : the 
ovary is superior and usually trilocular with one oi two anatropous 
and generally suspended ovules in each loculus ; the seed contains 
endosperm : the structure of the flowers is very various. The affinities 
of the group are not accurately known. 

Order 8. — Tricocc*. 

Fam. 1. Edphobbiace^. The fruit is usually dry and dehiscent, 

splitting septieidaliy into cocci. The micropyle of the suspended ovule 

is directed outwards. They are plants of very various habit and floral 

structure, and they contain milky juice. 

The genus Euphorbia has cymose umbels 
or dichasia, the branches of which termi- 
nate in what were formerly regarded as 
hermaphrodite flowers but are really inflor- 
escences, each one being termed a cyathium. 
The cyathium consists of a tubular involucre 
{Fig, i;06 p) between the five lobes of which 
glandular appendages, often of a semilunar 
form, are situated {Fig, 206 dr). Within 
this involucre are numerous male flowers in 
five groups, each of wliich consists of a 
" single stamen (Fig. 206 a) anil is terminal 
I -on a long pedicel, and one female flower 
flower budB (is) ; p is the invo- /pj„ ggg „\ consisting of a triloculaT ovary 

lacro of the oisthinm; Jr, tto ^ ° '' 

glands; n, tbo male flowere; g. {Fig. 206 /) at the base of which an indi- 
the pedicel of the female flower catiou of a perianth may in some cases be 

OT:», the stlgDiB. (enlarged). , , . . tu . .v .L' -a 

detected. That the cyathmm is an inflor- 
escence and not a single flower is most clearly visible in some foreign 
genera {Monotaxis) in which a perianth is distinctly developed round 
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each stamen. There is a single ovule in each loculus of the trilocular 
ovary : the seed has a peculiar appendage termed a caruncle. 

In Mercurialis the male flowers have a three-leaved perianth and 
numerous stamens ; the female flowers have a similar perianth and a 
bilocular ovary. 

Ricinus bears its monoecious flowers in a compound inflorescence in 

which the male flowers are placed above and the female flowers below. 

The perianth is simple and five-lobed, the stamens numerous and much 

branched (v. Fig. 142). 

Of Euphorbia, the Spurge, a number of species are annual herbs, as E, Peplus 
Cyparissias (both scarce in England) and helioscopia (the common Sun Spurge) 
occurring in gardens and by roadsides; some South European forms are small shrub^, 
as E, dendroides and fruticosa. In Africa and the Canary Islands the genus is 
represented by species which much resemble Cacteee in appearance ; their stems 
are thick and cylindrical or angular or sometimes spherical, producing small 
leaves which usually soon fall off. Mercurialis annvxi qh^ per ennis {Dog* s Mer- 
cury) are weeds ; the first common in cultivated ground, the second in woods ; 
their flowers are dioecious. Ricinus communis (the Caster-oil plant) is a native 
of Africa, now frequently cultivated. Some species of Phyllanthus have phylloid 
branches which bear their small flowers in the axils of minute bristle-like leaves 
situated in inden tuitions at the edge of the phylloclade. Manihot utilissima, a South 
American plant; yields the starchy meal, known in commerce as tapioca. From 
Siphonia eULstica, a species growing in Central America, most of the caoutchouc 
is obtained. 

Fam. 2. Buxinejb. The micropyle of the suspended ovule is 

directed inwards. Flowers monoecious, in glomerules, in which the 

terminal flower is usually female and the lateral ones male. Male 

flowers with a simple 4-leaved perianth and four superposed stameiis ; 

the female with a trilocular ovary : fruit a capsule with loculicidal 

dehiscence. For the most part shrubs devoid of milky juice. 

Buxus sempervirens, the Box, is an evergreen shrub of Southern Europe ; the 
wood is valuable. 

Fam. 3. Callitrichinb^. Aquatic plants with decussate, linear 
or ovate leaves, in the axils of which stand the solitary diclinous 
flowers which are destitute of a perianth ; the male flowers consist of a 
single stamen, the female of a bilocular, spuriously quadrilocular, 
ovary, with four suspended ovules the micropyles of which are di- 
rected outwards. 

Callitriche stagnalis and others are either submerged or they creep on muddy 
banks. 

Fam. 4. EMPBTRB-a:. Ovules solitary, ascending : flowers dioecious with 
three sepals, three petals, three stamens, and a 6-9-locular ovary : fruit 
of 6-9 drupes. They are shrubs resembling Heaths in appearance. 
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Brnjidrum nigrum Is a small ahrtib oocnmng in the north of Europe u 
Alp«. 

B. CentrospermCB. 

Flo'vrers generally hcnuaphiodite ; perianth either simple 

tiated into calyx and corolla i ovary eaperior, with one central ovule 

or a free-central placenta bearing numerous ovules. The seed contains 



Order 9. — Polygon in*. 
Flowers with a simple perianth, and a usually tiimerons unilocidar 
ovary with a single hasal orthotropous ovule. 

Fam. FoLTQON££. The flowers have a simple 4, 5 or 6-leaTed 
perianth which may he either sepaloid or petaloid, and usually the 
■ same number of superposed stamens ; but occasionally the stamens are 
more numerous or some of them are suppressed. Ovary usually 
trimerous, unilocular, with 
a single basal orthotro- 
pous ovule ; the fruit is 
frequently more or less 
enveloped by the persistent 
perianth. The leaves have 
well-developed sheaths 
(Fig. 207 A v) and connate 
stipules forming an oekrea 
{Fig. 207 o)which embraces 
the stem for some distance 
above the leaf-sheath. 

Rheum, the Khubarb^ has 
Bii (three internal and threeei- 
temal) perianth leavea and two 
whorld of stametia, ~the outer 
' containing six, and the inner 
irnal three ; Rheum wiuiiiUUum and 
uBi. other species are cultivated. 
"= of Bumex, the Dock, has flowers 
of Bimilar Btructara, bat the 
innerwhorl of stamens is absent; 
the triquetrous fruits are com- 
pletaly anveloped bj the inner whorl of perianth leaves (Fig. 207 e) ; the leaves 
eontun a large quantitj of oxalic acid. Polygonum has oaually five petaloid 
parianth leavea and a varying number of stamens (5-8) ; P. Fagopyrjiia, the 
Buckwheat, is cultivated for the sake of il^ mealy seeds. 




a leaf (6), It 
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Order 10, — Cabtofhtlijk££. 




The perianth may be simple or it may conaiat of calyx and corolla. 
The ovary ia formed of a varying number of carpels ; it is uni- or 
multilocular, and contain!) one or more anatropoua or campy lotropoua 
ovulea on a basal placenta. 

Fam. 1. Chbbofodiacbjj. Flowera small, united to form a denae 
inflorescence : the bracteolea are usually suppreased. Stamens auper- 
poaed on tUe usually 5-leaved sepaloid perianth 
(Fig. 208). Ovary usually dimeroua and uni- 
locular, with a single basal ovulo. Stipules 
wanting. 

Ckmapodmm album, the Goose-foot, and BlUnm 
(C&enopodiam) Bonus ffearicKS, the All-good, are 
common weeds on garden grounil and waste land. 
Spivaeia oleraaa iaSpinach, cultiroted as a vegetable, *'"'■ 208— Flo^orot Cheno- 
Beta vulgaris ie eoltivatod ander the var, Cicla ,,"" ™ * .',' ^". 
(Mangold). B, allissima is the species used in the „ aUgms. 
tnaaufacture of sugar, and B, rubra is the red Bset. 

root. Saliota, the Salt-wort, and its allies, with Seahy stems and leaves, are 
conspicuons in the vegetation of the sea-shore. 

Fam, 2, Auarantace£. The flowers have the same stracture aa 
those of the preceding family : they have usually bracteoles which are 
frequently pctaloid ; in some cases the ovules are numerous. Stipules 
absent. The flowers usually form dense infloreacencea. 

Species of Amaranthus and Celosia (Cock's comb), the latter having a monstrous 
floral axis, are well known as ornamental plants. 

Fam, 3. Phttolaocacb*. The flowera have a simple, generally 
5-leaved perianth which is often petaloid, and 
two whorls of stamens ; the number of the 
stamens is in many cases doubled (Fig. 209) : 
the number of carpels varies very much ; the 
ovary is multilocular, eauh loculus containing a 
single ovule. Stipulea occasionally present. 

Phytolacca lUcajidrf 
used as a colouring-m 
and in other pi 




Fam. 4. Nyctaoine^ Perianth aimple, petaloid, gamophyllous, 
5-leaved ; stamens in greater or smaller numbers ; ovary monomerous, 
unilocular, with one ovule ; the terminal flowers are aurraunded by an 
epicalyK, but not the lateral ones. 

Mirdbilis Jalapa, tlie Marvel of Pern, is an ornamental plant from America ; tha 
roots are onenaubatitntedforthoseof the trueJakp(v. under the Couvolvolacete). 
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Fam. 5. Cabtophtllace*. Flowers generally pentamerous with 
calyx and corolla, though the latter is auppresaed in some cases ; 
stamens in two whorla of which the inner ia often wanting ; ovary 2, 
3, or 5-merous, unilocular, or multilocular at the hase, with a central 
placenta or with a single basal ovule ; fniit usually a capaule : leaves 
oppoaite decussate : stems usually tumid at the nodes. 

Sub-family 1. Paronyckica. The corolla and the inner whorl of etameliE are 
often entirely or partially auppreBsed ; the fruit is usually ona-seeded and inde- 
hiacent : the leaves have usually scorious Btipoles ' 

ScUranlhus amnua and perennia (Knawel), Hemiaria and others, oeeur as 
Mnall iaconeiiicuous weeds on sandy soil. 

Sub-family 2. AUinea. The corolla and the isoemhiirl of Etamensare nsnaUy 
present ; the calyx ia eleutherasepalous ; fruit, a capsule ; usually no stipules, 

Sagina, Arcnai'ia, Alsinp, Cerastium, Stelhiria, Spergula and athprs, are small 
herbaceous plants with white petala, occurring in jneadowa, on roadsides, &c. ; 
they are distinguished from each other principally by the number of carpels 
present and by the mode of dehiscence of the fruit. 

Sub-family 3. Sileneis. The corolla and the inuer whotl of stamens are alwaya 
present ; the calyi is gamosepalons ; the fruit is a capsule (in Cucubalus a berry) : 
the leaves have no stipules ; the 
_ floral axis is often elongated be- 

tween the calyi and the corolla ' 
(Fig. 210 y) : the petals (as iu 
Lychnis and Saponaria) often have 
ligular appendagea (Fig. SIO x). 

The species of Dianthas, the 
Pink, which commonly occur wild 
are D. deltaidei and armeria ; D. 
caryopkyllua, the Carnation, and 
D. ckirteasit are well-lcnows gar- 
den flowers ; there are two styles 
and the calyx is surrouuded 
at its base by bracteoleg. The 
genus Saponaria has two styles 
but no bracteoles ; S. officinaZia, 
the Soap-wort, occurs on the banks 
' of rivers. The genus Silene has 
' three atjles ; S. infiaia, nutan$ 
and others, are common in mea- 
dows. The genus Melandryum 
(Lychnis) has five styles ; the species if. rubnim and album are ditEcioua. 
AgroaUvima Giihago, the Corn-cockle, is common in fields. 

Fam. 6. PoRTULACAcsa;. Calyx usually of 2 sepals and corolla of 
5 petals ; stamens usually 5, epipetaloua ; ovary usually trimerous and 
unilocular ; fruit a capsule. They are herbs with acatleied leaves ; 
the corolla ia fugacious. 
. fortulaca oieraeea, the Purslane, from sonthem Europe, and other species. 







coruUa : x, titular appendages n 
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are cultivated as vegetables and as ornamental plants. Moutia has a gamopeta- 
lous corolla, slit up one side ; it grows in ditches or in damp places. 

Fam. 7. Aizoace-e. Flowers with a simple perianth and usually 
indefinite stamens, the more external of which are often transformed 
into petaloid staminodes ; ovary multilocular. 

Many species of Mesembryauthemum, natives of South Africa, are cultivated. 

C. Aphanocyclicce, 

Flowers acyclic, hemicyclic, or cyclic, with a perianth sometimes 
simple but usually consisting of calyx and corolla. The stamens are 
nearly always more numerous than the leaves of the perianth ; some- 
times they are indefinite and spirally arranged, sometimes multiplied 
or branched, and in a few cases they are encyclic with the perianth. 
The ovary is nearly always superior ; fruit usually apocarpous ; 
placenta usually parietal. 

Order 11. — Polycarpic^. 

Flowers generally acyclic or hemicyclic, nearly always hypogynous * 
perianth simple or consisting of calyx and corolla ; gynoecium 
apocarpous, often reduced to a single monomerous ovary ; very rarely 
polymerous and syncarpous. Seeds with or without endosperm. 

Fam. 1. Ranunculacb^. • Perianth either simple and petaloid, or 
Consisting of calyx and corolla, usually spiral : stamens numerous, 
occupying several turns of the spiral, or arranged in several alternating 
whorls ; ovaries numerous, spirally arranged ; rarely one only. The 
ovules are disposed on the two margins of each carpel, that is, in two 
rows down the ventral suture ; in several genera the number of the 
ovules in each carpel is reduced to one, which then originates from 
either the upper or the lower end of the cavity of the ovary. Seeds 
with endosperm. They are almost all herbaceous plants, and are 
either annuals or they have perennial rhizomes ; they have no stipules 
but they have amplexicaul leaves or petioles. 

Sub-family 1. Clematideoe. Perianth simple, petaloid, with valvate aestivation. 
Ovaries numerous each containing a single pendulous anatropous ovule. Climbing 
or creeping shrubs with opposite leaves. Fruit consists of a number of acheues. 

Clematis VUalbay the Old Man's Beard, is common in hedges ; it has a greenish- 
white perianth, and fruits with long feathery styles : C. Viticellaf patens, 
and others, are cultivated as decorative plants. Atragene alpina, occurring in 
the Alps and in Siberia, has its external stamens converted into petaloid 
staminodes. 

Sub-family 2, Anemonece. Perianth simple, or consisting of calyx and corolla ; 
aestivation imbricate. Ovaries usually numerous, each containing a single 
pendulous ovule. Leaves spirally arranged. Fruit consists of a number of achenes. 
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(a). Perianth simple : 

ThnJictrum ; the apeiieB of thia genua as T. minui, fiavum and aptile^folitim 
the Meadow-Rues, have Btoms well covered with leaves, aad flowers with an incon- 
spicuous, fugacious 4-& leaved perianth, aud a flat receptacle. Anemone lias an 
hemispherical receptacle (Fig. 211 A I), and a simple petuloid, aaually S-S-leaved 
perianth. In most of the species the nnderground rhizome elongates into an erect 
scape which bears a single whorl of three leaves forming an epicalf z beneath the 




■BCtlon : *. eplmlri . 
pi^ta of liiKrtton of tbe BtsmuDs w 
D. Flower of Hellrborul liridit. B. 0( 
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peduncle ; jt, calyx -, t 
Ee or sH^tlf uiagDifled). A. Of A-nrmrmti 
^ceptaclc. a QjncBciijiD of Baouuculus : , 
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r seen from below. 
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terminal flower. In A. nenionMa, raawaeiilBidfa and others, these leaves reeemhle 
the foliage-leayea and often bear flowers in their axila, bat in A. Palialilla, and 
others, thej diEfer from the foliage -leayea in that they are palmatifld [Fig. 211 
.^ A) i in A, HepatUa, in which the scapes spiing from tho aiils of eataphyllary 
leaves, the three bracteolea are simple and lie so closely under the pataloid perianth 
that at first they appear to be the calyx of the flower. 

(by Perianth consisting of calyx and corolla : 

Ranunculus ; tho calyx consists of five sepals and the corolla of Ave petals 
which alternate with the sepals and have a nectary at their base ; tbe stamens 
and carpels are arranged spirally. 

The genus includes water-plants with finely-divided leaves and white flower*. 
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M R. aquatitU, Water crowfoot, fimlamt, &c. ; »iid kad or bog plants nsnally with 
a yellow corolla as B. aetr, the Bntterciip, repeia, tulbottu and acelerattu (all 
koown BM Crowfoot) and Flammula (Lesser Spearwort) ; they ai'e all niore or \esa 
poisonous. S. Piearia (the Lesaer Celandinej has 3 aepals and usually S petals. 
Myoaurua miniima (Mouss-lail) has a very loug cylindrical receptacle ; the Bspala 
are spurred, and the petals gradually pass into the stamens. Adonis, the 
Pheasant's Eye, has completely acyclic flowers; sepals 6. petals 8 or more, not 
glandular at the base ; stamens and carpels indefinite, arranged in -^ order. A. 
aiUumnalia is the species which occurs in England. 

Sub-family 3. Stllehorea, Perianth generallj consisting of calyx and corolla, 
the latter being occasionally suppressed ; tlie petals are glandular at the base ; 
OTaries usually fewer in number than the leaves of the perianth ; ovules numer- 
ous, borne on the vtutral sutui'e : fruit usually consista of several follicles. 

fa). With actinomorphic flowers ; 

Helleborua, with acyclic flowers ; sepals in J arrangement, the petals, which aro 
small and tuhular, in f or i*^; stamens in Aor^ ; ovaries usually 3-5 (Fig. 211 D). 
H. aigtr ia the Christmas Hoso ; S. viHdU imAfoelidua are uot rare. Higella has 5 
petaloid sepals and usually 8 (superposed if 5) 
smallglandularpetals. TroUius, the Globe- flower, , 

has 5-lS petaloid sepals, and a similar number of 
small petals which, like the stamens, are arranged 
spirally: T. otropiEus occurs in aub-alpine regions. 
Caltha, the Marsh- Marigold, has Sve yellow peta- 
loid sepsis but no corolla, C. palustria is common 
in damp places. Actiea has a pi'tu.loid calyx and 
an alternating (sometimes suppiessed) corolla ; it 
has a single carpel which becomes a baccate fruit ; 
A. spiaUa, the Bane-berry or Herb Chris, 
topher, occurs in woods. Aquilegia, the Col- 
ambine, has a cyclic flower (Fig. 212) : it 
has five petaloid sepals, and petals with long pm, sia.—Diagism of flower ol 
spurs : A. tm/garia, atrala, Aklei, and others AquUegla. 

occur wild or are cultitated »a decorative plants. 

(b) With iygomorphic flowers : 

Delphinium, the Larkspur, has the posterior of the live petaloid sepals 
prolonged into a spur : there are usually 5-8 petals of which only the two (or four) 
posterior are developed, their spurs projecting into that of the posterior sepal. 
J>. Staphiaagria is poisonons ; D. conaoHda has but one carpel ; Z>. Ajacia is a 
commongarden plant, with 1-fl carpels. In Aconitum, the Wolfsbane or Monk's- 
hood, the posterior of the 5 petaloid sepals i^ large and hooded ; the two pos- 
terior of thfl a petals have long claws and are Covered by the posterior sepal, the 
others being inconspicuous (Fig. 211 E c). 

Sub-family i. Pteonitce. The perianth consists of calyx and corolla, and the 
petals are not glandular i ovaries with numerous ovules, surrounded by a disc. 

In Pmrmia, the Paony, the calyx consists of 5 sepals which gradually pass into 
the foliage-leaves; the 5 or more petals are larger: the stamens are spirally arranged. 
P. offieinalU, corallijia, and others are cultivated as decorative plants ; P. tfoulan 
has a woody stem and a tubular disc. Fruit consists of several folliclea. 
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Fam, 2. Maqnoliace*. Perianth cyclic, consieting usually of three 
alternatii^ trimeroua whorls, one of sepals and two of petals : etamens 
and carpels numerous, arranged spirally : seed containing endosperm. 
Woody trees or shrubs. 

1. Magmiliea. CiirpeU Tery nnm^roua on an elongated cylindrical receptacle : 
llonrera invested by a apatbaid bract ; stipules connate. Magnolia grandiJUrra and 
other apecies, and LiriodendTOit tnlipifira (the Tulip tree) from North America, 
are ornamental treea. 

2. IlliciefB. Carpels in a simple whorl on a flat reccptade [v Fig. 158). Itli- 
cliim anUatum, the StaT Aniae, is a native ot China, 

Fam. 3. Calicanthaces. Flowere acyclic, perigynous. 

Calicanlkia fioHdus is an ornamental shrub with brown aromatic leaves. 

Fam. 4. Nymi'ujiace,^. Flowers usually acyclic without any sharp 
demarcation between the petals and the stamens ; pistil either apo- or 
syncarpoua. Water-plants, generally with broad floating leaves. 

Sub-femily 1, Nymphtxinm. Carpels connate, forming a polymeroua multi- 
locular ovary which may be either auperior or inferior. Ovules numerous, 
pkcentatiou diffuse : seeds numerous, coutaiuiUK both endoaperm and periaperm. 
The rhizome grows at the bottom of the water and throwa up broad flat cordate 
leaves with long ]]etiolea which float on the aurface. The flower also reachea the 
surface, home on a long peduncle. 

Nymphaa alha, the white Water-Lily, haa four green sepals, a great number ot 
whita petals which, together with the very numerous stamens, are arranged 
spirally, and a aenii- inferior ovary. Nuphar liileum, thu yellow Water-Lily, has 
a calyx consisting of five greenish-yellow aepals ; the petals, which are smaller 
and yellow, are usually 13 in numher, and form a continuous spiral with the 
indefinite stamens ; the ovary is superior. Victoria regia, a Biaulian species, 
Las peltate leavea of more than a yard in diameter. 

Sub-family 2. Nelumbie(E. Ovariea numerous, distinct, imbedded in the Seshy 
receptacle ; aeeda solitary, without endosperm. 

Kelumbium y)ecioaiiia is the Lotus of Egypt and Asia, 

Sub-family 3. Caiomiae. Flowers cyclic. Ovaries numerous, monomerous, 
each with from 2 to 3 ovules attached to the doiaal suture of the carpeL Seeds 
containing endosperm and perisperm. The submerged leaves are much divided, 
the floating leaves peltate. America and the East Indies. 

Fam. 5. MENisPEBMACEa;. Flowers diotcioua, 
cyclic ; the whorls are usually trimerous, and 
the calyx, corolla, and andrcecium have at least 
two whorls each. Carpels usually 3-6, distinct, 
one-seeded, but many-seeded in the sub-family 
Lardizalbeas. Tliey are tropical climbing plants 
lower of inanyrf" the ^'^^ herbaceous stems and palmate leaves. 

Fam. 6. Beebbbide.i:. Flowers hermaphrodite, cyclic, the calyx, 
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corolla, and andTceciiim each consisting of two di- or ttimeroas vhorla. 
Ovary monomeroua with numerous mai^inal ovules. Fruit capsular 
or baccate. Seed with endosperm, 

Berberia vulgaris ie the Barbeny ; its floral fonnula in Ki + it, CZ + S, AS -i- 3, 
Gi- ; the flowers are in pendent racemes, usually without terniinal flowers ; when a 
terminai flower is present its farmnlu is fTfl | CS j A^. Fruit au oval beny. 
The leaves of the ordinarj' shoots are ttanarormed into spiues (v. Fig. 12). in the 
Rxils of which are dwarf-shoots bearing the foliage-leaves and the talloreaceDceB. 
KpimediuiD has a dimerous flower ; calyx of 1-5 whorU ; petals spurred. 

Fam. 7. Miristioea. Flowers diclinous, 
cyclic ; perianth simple, ganiophyllous, 
3-lobed. Stamens 3-18 coherent into one 
bundle. Ovary monomerous, with one 
basal anatropoua ovule : fruit a fleshy two- 
valved capsule. 

MyrUtica moa(Jiata, the Nutmeg, is a native 
of ihe Moluccas. The seed is invested by en 
ariltuB, an integnment which is developed after 
fertilisation ; it has a netted or laciuiate appear- 
ance (Fig. £14 o) ; it is known in commerce as Fia. 2H.-lVult of tlio Solnm?- 
Mace. Seed large, with much endosperm the **«■ iisnuita moKfnio. p. pori- 
surface of which is corrugated ; the innermost ™'^' """ "' "■ ""^""^ ■ •. tl" 
layer of the brown testa closely follows all the 
wiadiugs, and this gives the endosperm a marbled appearance. 

Fam. 8. LauRiNEiB, Flowers hermaphrodite or polygamous, cyclic, 
usually trimerous (dimerous in Lauras) j 
perianth simple, aepaloid, in two whorls: 
stamens 1 2, in four whorls ; the anthers 
open" by 2 or 4 valves, Bometimea in- 
trorse sometimes extrorae ; the filaments 
liaveglandularappendages(Fig. 215 6i). 
Ovary trimerous (wrongly drawn as 
monomerous in Fig. 315), unilocular, 
with one suspended anatropous ovule. 
Fruit a berry or a drupe. Seed devoid 
of endosperm. 

These are osually evergreen shrubs with , 
coriaceous leaves ; a few, as Cassytha, are », fti^bndXTp^ndi,^"' m^^<a 
parasites resembling the Dodder in hahit. aDnamomum (oiuy wrongly dnwnX 

Order- 12. — Cruciflors, 

Flowers cyclic and usually dimerous, with calyx and corolla : ovary 

consisting of two or more carpels, unilocular or many^Jiambered, 




t£- — Stiimen of Laurue. A. 
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having often a false dissepiment but bolng scarcely ever truly mnlti- 
locular. Formula usually K2 02 + 2, A2 + 2 oi ac, G^> ot (ac). 
Seed usually devoid of endosperm. 

Fam. 1. PAPAVBBACBis. Flowers actinomorphic, ^2 C2 + 2, Aac 
d' or (oc), or rarely witli trimerous whotls : calyx sepaloid, corolla 
^ ^ petaloid: the numerous 

whorls of stamens al- 
ternate: ovary of two 
lateral carpels (in Fig. 
216 A they have been 
wrongly represented as 
being median) or of 
{Fig. 216 a), 
more-cham- 
bered : ovules nume- 
rous, attached to the 
'. slightly infolded edges 
' of the carpels (parietal 
placentas) : endosperm 
abundant, embryo small. The eepala commonly fall off before the 
flower expands (Fig. 216 K). Plants with abundant milky juice. 

Papaver, the Poppy, has a many-chambered ovary ; the fruit is a porous capsule 
(v. Fig. 160 D). P. sosnnifcnim, is cultivated for the sake of the oil oontatned in 
the seeds, and as a medicinal plant ; P. Rhoeaa is commoa in cam-fields. 
Chelido»ium majus, the Celundine, has two carpels, a siliquose fruit and oniiige- 
eolaured milky juice. Eschieholtiia califirmiea, is a cultivated plant ; it has a 
hollow receptacle, so that ita flowers are almost perjgynous. 

Fam. 2. Fumariacb£. Flowers uaually zygomorphic, with lateral 
symmetry: floral formula, ^ K2 02 + 2, A2 + 2, Gil'. The three 
whorls of the perianth alternate ; one of the outer petals (rarely both) is 
furnished with a spur : the two inner stamens are not in their normal 
position ; each of them is divided and the two halves are displaced 
towards the outer stamens ; hence there appear to be three stamens 
on each side, a central one, with a perfect anther (the stamen of the 
outer whorl, Fig. 217 B a) and two lateral stamens, each with only 
half an anther (the halves of the stamens of the inner whorl ; Fig. 
217 B a a). The fruit is siliqnose and many-seeded, or one-seeded 
and indehiscent. Plants without milky juice. Seeds containing 
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Didylra {Dicentra) gpcctoMlis is a favourite ornamental plant ; both the outer 
petals arc spurred, the two mner petals are hollowed at their apices so that they 
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completely doM the uithnn. In CerydalU cava and talida oaly mn of the outer 
petals U spurred, the fnut i«» two-valved capsule with niuneroiu parietal weds ; 





of FumlGory. 

these epeeies haTe n tolieroiu rootstock ; othma as C. luiea, and auTia, hare 
rhizomes. Fumarla offieinatis and others (Fumitories) are common in fields ; the 
oTttries contain but few OTules and of these only one ripene to a seed ; frnit globoee, 
indehiscent. 

Fam. 3. Cbuofee*. Flowers uaually actino- , 

niorphic : floral formula,Z2 + 2,C x 4,^2 + 2',ffi'. 
The four petals form a whorl, alternating with 
the four sepals as if the latter formed one whorl ; 
there are, however, three perianth-whorls as in the 
two preceding families ; but whereas in them only 
the outermost whorl is sepaloid, in this family the 
two outer whorls are sepaloid, and the innermost, '°^'^~^'^m "" "" 
which alone is petaloid, is a whod consisting of 
four instead of two members. The two outer stamens are lateral, as 
in those families; the two inner ones, which in the Fumamceee are 
divided, are here duplicate, having longer filaments (Fig. 219 B hb) 
than the outer ones (a); hence the flower is tetTadynaiiunis. There 
are often minute glands at the base of the ovary (Fig. 219 B d). 
The ovary consists of two carpels with the ovules in two longitudinal 
rows on the adnnte maigins of the carpels ; these two parietal pla- 
centas are connected by a membranous growth which, as it is not 
formed of the margins of the carpels, must be regarded as a spurioas 
dissepiment ('i-epiam; (Fig. 219 D* E*,v Fig. 160 Cw). Wlien the fruit 
opens, the pericarp splits into two valves corresponding to the earpels, 
leaving the placentas attached to the dissepiment : the seeds remain 
attached to them for some time (v. Fig. 160 C), 
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The flowers are in racemes in which the bracts are Buppiessed; 
when the lower pedicels are longer than the npper ones the raceme 
reaemhles a corymb and then the lower flowers are usually zygomor- 
phic, the petala turned towards the periphery being larger than those 
directed towards the axis of the inflorescence, as in Iberis. 








•a : b. tbe foiir loDger Iudst ones : /, tbe oinry : n, Um 
itum. B. Angiutlgeplal ailiciUn of Ttalwpi. B. LaH- 
Dlagrammatic trangrotM secaon of the preceding i tp, 
lA of lAAtlB. O. Jointed Hillqiu of ^j^Aaniu AapAani- 

panto sagmenta. K—H, DlAgnmi of diaeranUT-folded ombTTM, 

■, radlcloH ; V, c. cotyl«don& 



with tnosverai 

The form of the fruit is of importance in tho sub-division of this 
order. In some genera it is much longer than it is broad when it ia 
termed a siligua (Fig. 219 C 160 C) ; in others, it ia not much longer 
or about as long as it is broad, when it is termed a mlicida {F'i^, 219 
D and E). The latter is commonly somewhat compressed in one 
direction; either parallel to the septum, that. is to say laterally (Fig, 
219 E and E*) so that the septum lies in the direction of the greatest 
diameter, when it ia lattseptal, or perpendicularly to the septum, that 
is in the median plane, ao that the septum lies in tho narrowest 
diameter when it is ant/ustiseptal. Fruits with only one or a few 
seeds and which are indehiacent are confined to only a few genera, 
such as Isatia (Fig, 219 F). So likewise is the jointed siliqua, which 
has transverse septa between the seeds ; when they are ripe it divides 
tranaverself into segments as in Raphanus (Fig. 219 0). 
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The embryo is folded in the seed in various ways ; the radicle 

may lie in the same plane as one of flat cotyledons (Fig. 219 ^) when 

the cotyledons are said to be incumbent, Notorhizeoe (the diagram being 

Oil) ; or, the radicle may occupy the same position, the cotyledons being 

folded (Fig. 219 J), when the cotyledons are said to be incumbent 

and folded, Orthoplocece (diagram of section O^) > ^^y thirdly, the 

radicle may be lateral to the two cotyledons (Fig. 219 H), when the 

cotyledons are said to be accumbent, Pleuroi'Mzece (diagram 0=) • 

more rarely the cotyledons are spirally rolled so that in a transverse 

section they are cut through twice, Spiroloheoe (diagram O II II) > or 

Anally they may be doubly folded, and be seen four times in a section, 

DiplocolobesB ; (diagram O II II II ll)« The seeds contain much fatty 

oil. 

A. Siliquosoe, Fruit a siliqua, much longer than it is broad. 

Sub-family 1. Arabidejb. O ==• Chdraiithus Cheiriy the Wall-flower ; 
Matthiola anmia and incanay the Stock, are cultivated as garden plants. Nastur* 
Hum officinale is the Water-cress. 

Sub-family 2. SiSTMBRiKfi. O ll» Sisymbrium offici^ialey the Hedge-Mustard, 
is common on rubbish heaps, and Erysimum on walls, &c. 

Sub-family 3. Brassice^. Op» ' The species and varieties of Brassica are 
much cultivated. Brassica oieraceaT ia the Cabbage, with the following varieties : 
acep?u)Ua Scotch kail, Cow-cabbage or Bore cole ; bullatOy the Savoy cabbage ; 
capitata, the red and white Cabbage ; gongylodes or caulorapa, with the stem 
swollen at the base is the Kohl-rabi ; hotrytis, with connate fleshy peduncles and 
abortive flowers is the Cauliflower ; gemmifera with numerous lateral leaf-buds, 
known as Brussels sprouts. Brassica rapa is the Turnip, with bright green 
hispid leaves and flat corymbs of flowers ; Brassica Napus^ the Rape, has glabrous 
glaucous leaves and long racemes of flowers, and is cultivated for the sake of the oil 
contained in the seeds ; both these species have fleshy underground stems. 
From B, rapa are derived the varieties campestriSy the summer- turnip, and 
old/era, the winter- turnip, as well as rapifera with a fleshy root, the white turnip. 
From B. NapuSy are derived the varieties annuay the summer- Rape, and hiemalis 
the winter-Rape, which yield oil, and the variety Napohrassica with an under- 
ground thickened stem, the Swedish turnip. Brassica nigra and Sinapis (or B. ) 
alba are the black and white Mustard. 

B. SiliculoscB. Fruit a silicula. 

Sub-family 4. LATiSEPXiE. O =, or O ||. Cochlearia officinalis, is the 
Scurvy-grass : C. jirmoracia has a thickened root, the Horse-radish. Alyssum 
calvyinumy and Draba vema (Fig. 219 E) the Whitlow-grass, are common weeds. 

Sub-family 6. Angustisept-s. Cotyledons variously folded. 

Thlaspi arvense (Fig. 219 D), perfoliatumy the Penny-cress, and Capsella Bursa 
pastoriSy the Shepherd's-purse, are common weeds. In the last mentioned plant 
the petals are not unfrequently replaced by stamens. 

C. Nucamentaceoi, Silicula indehiscent, few-seeded. 
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Isatit liiuioria, tho Woad, has eompreasad pendnloos fmts whioh are uni- 
locokr and oae-sseded (Fig. 219 F):itia aaei as a Uae dye. 

D. L/yraetUarea. — Fruit a ailiqoa or Bilicula, con- 
stricted into one.8eeded portiooB (Fig. 210 G). 

Bapkania aiUimis, ths EBdiali, has a jointed 
siliqna and a flashy oftpiform root ; R. SaphanH- 
trum, the Wild Eadish or White Charlock, ia a 

Fam. 4. Capf abided. Flowers actiuomor- 
phic ; formula Ki + 2, C x i, A 2 + 2* oi 
oc, d' or ^ : atamena only very rarely 6 and 
tetradynamoTis ; ovary borne on a special 
prolongation o£ the axis (gynophore) (Fig. 
220 E). Fruit a ailiqua or a berry. 
The flower huda of Capparit spinoaa from the 
j South of Europe are knows as capers. 
/.OTarroDWKJ^phoro. q^^^ 13.— CiSTIFLOR*!. 

Flowera cyclic, having both calyx and corolla, generally pentamer- 
oua and hypogynous. Tho calyx has imbricate sestivation : the 
stamens are usually indefinite in consequence of branching, but in 
some cases their number is only twice as great or even the same as 
that of the petals : the gyncecium is syncarpous, the carpels usually 
fewer in number than the sepals : the ovary b uni- or multilocular, 
and no false dissepiment ia ever present. 

Fam. 1. E£SEDACB£. Flowers zygomorphic, sepals and petals 5-8, 
the latter laciniate ; stamens numerous : carpels 3-6 connate, forming 
a unilocular ovary, open at the apex, with numerous ovules on parietal 
placentas : seed without endosperm : inflorescence a raceme, without 




Beatda ttUeola, the Dyer's weed, ia naefui aa a yellow dy^ ; S. odorala is 
Mignonatte. 

Fam. 2. Cistise^. Flowers actinomorphic, usually pentamerous : 
the two external of the five sepals are generally smaller, and some- 
times they are absent : stamens numerous, probably in consequence of 
branching ; carpels 3 or 5, forming a uni- or multilocular ovary : 
placentas parietal : ovules orthotropous ; seed with endosperm. Trees 
or shrubs with generally opposite stipulate leaves. 

Cialia ladanifcras, crdicaa and other species grow in the South of Europe ; a 
balsam is derived from them. HelianOnmam mdgare, the Rock Rose, ia an under 
abrub which grows wild in dry soils. 

Fan. 3. BixACB^ The seed of Bixa oretlana, a native of America, jielda an 
orange-eoloured dye known in commerce as Annalto. 
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■ Fam. 4. HTPBRioiNEa. Formula, K5 C5 AO + s'^, G!? or AO 

+ 3^^, G'l\ stamens five, branched, superposed on the petals in con- 
sequence of the BuppreBBiou of an outer whorl 
of stamens 'which is indicated by staminodea 
in some foreign genera : ovary uni- or multi- 
locular or many-chambered : oviiles numerous, 
anatropoua ; placentas parietal : seed devoid 
of endoeperm. Herbs or under-shrubs with 

decussate entire leaves, which are dotted over _ „, ., . „ , 

with translucent oil-glanda ; exstipulate, cum. 

Hypericum perjoratma, hirtatum and humifmum (St John's Worta) occnr 
wild in woods aad meadows. 

Fam. 5. Elatinsa "Water plants with entire leaves, opposite or 
in whorls : flowers actinomorphic, 4-6-merouB ; formula, ^n Cn ^n 
+ n (?^ ; solitary, without bracteoles, borne in the asils of the 
(oUage-leevee. 

E. AcrajMfraand ir^rBpip«T'(WatBrworts) occur, Ilut not commoDly.inEnglanil. 

Fam. 6. Tahabiscinbs. Flowers actinomorphic, 4 or S-merons, 
with one or two whorls of stamens : ovary usually tiimerous, 
unilocular with basal or parietal ovules : capsule loculicidal : seed 
without endosperm, having a crown of haiis : flowers in racemes or 

The genua Tamarix is indigenom in Sonthem Europe ; T. galliea has become 
natnrftlieed la EagUnd. 

Fam. 7. Tebn8tr(bhiace£. Perianth spiral ; the calyx is not 
clearly distinguishable from the niunerous bracts ; stamens indefinite : 
ovary multilocnlar. Trees or shrubs with scattered, generally cori- 
aceous, entire leaves, without stipules. 

Camellia japonic is a favonrite ornamental shrab : Thea ckinenaU, of vhich 
the dried leaveH are tea ; black and green tea are varieties resulting only from the 
mode of drying the leaf. 

Fun. S. Clusiace^ Trees or shrubs with diclinoos flowers. 

Fato. 9. DiPTBBOCARPBa. Trees ; leaves uaually Htipolate i the calyx enr 
larges veiy much during the ripening of the frnil 

Vryobalatwps Camphora, a native of Sumatra, yields the Borneo Camphor. 

Fam. 10. VioLABiBfi. Floral formula, JC5 C5 A5 G?! : flowers 
always borne laterally : ovules anatropous : placentas parietal : fruit a 
loculicidal capsule (Fig. 222 C) : seed with endosperm. The indi- 
genous species haye zygomorphic flowers ; the anterior inferior petal 
is prolonged into a hollow spur (Fig. 222 c s) in which the nectar 
17 
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Beereted by the apni-like appendages of the lower stamenB collects (Fig. 

222 Af»). The sepals are produced at the base (Fig. 222 Alt). 

Viola is the Violet, Fanay, or 
Eeart's-eoBe ; man; iqiecieB, ■■ 
V. odaraia, tba Sweet Violet, 
have onl; an nndcrgronud stsm 
which bears cataphyllary leaTes,' 
C a6k ■"■(I "hicli throws up petidato 

folia^-leavea and braoteolata 
pedanclea, each bearing a ringle 
flower : V. odorata haa rannera, 
bat kirta and collina have none. 

F,o. ISi-FW. tri^l^. J. I«pgitodto«l «^™ 1° "^^"^ ■» ^- °^*""' *^» ^- 

ol flowor ; V, bmrtmie o( the peduncle ; I, HtHli : lio^ the mam stem la aboW 

b, appendage ; c, petali ; a, apur of the lower p«tal : gnnind and bears the foliagg- 

/*, apur-ahaped appendage of the lower atamena; leaves. In V. TaiTabUu these 

C. M^aJ^c^^ ^tT^ ^' *■ '*'^' *"" ^""^ "" ^ combined that 
, p, pikoan , I, (iiag.> .^ ^^ spring flowefa are deve- 

loped from the rlmome which have larj^ blae petals, but which ai« always 
sterile ; it is not till later that inconapicnona (cleistogamoua) flowers with 
minnte petals appear on the leafy stem and these only are fertile. In V. IrieolOT, 
the Heart's-eflse or Pansy, and its allies, the stipules are leafy and pinnatifid. 

Fam. 11. DRoSBRACEffi. Floral formula, K& 05 A5 (?!? oi^ : 
flowers aetinom Orphic : ovary unilocular, ovules borne generally on 
parietal placentas, but they are sometimes basal. Herbs : leaves ox-- 
stipulate with ghindular, hair-like appendages which serve to capture 
insects (v. above Fig, 72). 

Drosera haa a acorpioid inflorescence borne on a scape without bracteolea ; the 
leaves are radical and are fringed with ghndnlar appenda^s, each of which is 
traversed by a fibmvascnlor bundle. D. rotundi/olia, and iniermedia, the Son 
dews, are found on wet heaths. Aldrovanda vemMloaa is a floating water-plant 
of Southern Enropa ; its whorled leaves fold np when stimulated ; flowers solitary, 
axillary. Dimuea muscipula, Venus' Fly-trap, occurs in North Amerioa ; it bss 
leaves which likewise fold together when touched ; flowers with 10-20 slantens 
and basilar ovules. 

Fam. 12. Sabbaceniacks. Flowers actiuomorphic, hermaphrodite, with 
IS or more stamens. 

The leaves of Sarracenia end Darlingtonia are adapted by the peculiar develop- 
ment of their laminfe, for the capture of inaecta 

Fam. 13. NEPENTHta. Flowers actinoraorphto, dicecious, witl a simple 
perianth. 

The piteher-Uke form of the lamina of the leaf of Nepenthes la remu'kaUe : it 
is also an adaptation for the purpose of capturing insects. 

Order 14. — COLCHNirERA 

Flowers cyclic, with calyx and corolla, generally pentamerons, 

actinomorphic, hypogynoua. Calyx with valvate (estivation, corotlk 
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with HBnally contorted sestivation ; atemens originally in two yhorls, ' 
generally branched and often connate: carpala five, often forming a > 
multilocular ovary. 

Faro. I. TiLiAOBS. In the indigenons speciea the staminali 
whorl opposite to the sepals is sappiessed ; stamens branched, tba 
separate branches of the filament free or connste only at the base, 
opposite to the petals : anthers 2-o«lled, opening by pores or valves : 
ovary 5-Ioculai, each loculas containing two ovules ; but the fruit i« 
generally only one-seeded. Mostly trees or shrubs : leaves alternate, 
stipulate. 

The only indigenouB genns is Tilia, 
the Lime-Tree. It hes oblique leaves 
with, deciduous stipales ; the eDUDiil 
shootB hare not a tenninal bad. The 
inHorescBQCeiacymose, few-flowered; the 
peduncle is aduatetothe leaFv bract; thii 
is brought about in the following mauner : 
in the axil of the leaves there is usually 
a bud together with an tnflorencence 
(Fig. 223) i the bract (Fig. 223 h) and 
the bnd-scale which is opposite to it are 
the two first leaves of the axillary shoot 
which is tenninated bj the infloresoeDce, 
the peduncle of which is adnata to the 
bract for aome distance : the bnd is a win- 
ter-bud developed in theaiil of the above- 
mentioned bud-scale. The inSoreacence 
itself terminates in a flower ; other 
flowers are borne in the aiiU of its two 
bracleoles, and other flowers again may 
be developed in the axils of their bract«- 
olea and ao on. T. grandi/oliOf the 
IdTge- leaved Lime, has a few-flowered in- 
florescence, and leaves which are bright 
green and downy on the under surface : 
T. pamifelia has an infloreseanca which 
conaista of a large number of flowers, 
and has leaves which are bloish-green 
and pubescent with red hairs on the 
under aurfaoa. T. intermedia, is the , _ _ 

Common Lime. In the Amei-ican Epeciea Ujy bud. Attulied to the psdunole ii tbit 
the internal branches of the atamena brut (A) : t, calyx ; e, dotoIIi ; t, itamana ; 
are atominodia. Corchorus, in the East ■''. •>™7 ■ *"■ fl"w«>l>iid (n.t •!»> 
Indies, yields Jute, vhich consists of the bast-fibres. 

Fam. 2. Stebovliaobx. Calyx gamosepolous ; the rfamens wbiclvi 
are opposite to the petals are usually doubled .or branched ; thosB) 




m 
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which are opposite to the sepals 
aptlieTB 3-celled : the corolla 



« Btominodea or they are suppreesed : 
QietimOB wanting. 
Thtobronu) Cacao U a tree of tropical America, theseeds of which contain a nltro- 
genona Hubstance Theofrromin* aad u fixed oil ; IVom them Chocolate is prepared. 

Fam. 3. Malvacbs. Calyx usually gamosepalouB, frequently In-- 
vested hy an epicalyx ; the corolla is adnate at the base to the 
andrcecium : the andrcecium is a long tube (Fig. 224 A a) consisdng 
of five' branched stamens which ate opposite to the sepals; each 




Fia. 324. — J. Flower of 
with ttae siith«» (a) ; n, atlt 
cplcalyx, C. Tbs suiw sfbe 
longltudiual secUon ; i. Been 



lL alEA): t, calyx ; d> corolla i t. coanatfl BtamB 
a. B. Fiult of Althaa mm Inclosed In (t) the cftlyx; > 

«, radlcla ; ■!, cotjledon of the omhryo (m»g.). 



filament hears only half an anther which is T^;arded aa a unilocular 
anther (Fig. 224 A a) : ovary multilooular, septicidel (Fig. 224 C f), 
with usually one ovule in each coccus (Fig. 224 D s). Tinder-shrubs or 
herbs : leaves stipulate and generally palmately veined. 

Malra, the MnUow, has an epicalyi of three hcacteoles, Hibiflcna haa one of 
jne.Dj bracteoles, and Althsea, the Marsh-mallow, haa one of S-9 bracteolea ; 
Althaa rosen is the Hollyhock ; several spodes of Malra an indigenous, Jf. 
tylveairii, roiundi/olia, and moschala, Qossypium herbaeaim, in EgTlit, O. 
arioreum and religiogwm in the East Indies, and Q. pemvianum and hirtutum in 
Ameriea jield Cotton, which consists of the long hairs on the testa. 



D. EtLcyclicoB. 

Flowers usually hypogynous, cyclic, 4-5-mero\is, with calyx, corolla, 

and two; whorls of stamens which are isomeroua with the corolla; 

e«ljr iarely is theiuuipbei of stamens greater. Gjncecium syncaipoos. 
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Order 15. — Gruinalbs. 

Flowers usually pentamerous throughout ; the carpels are oppositq 
to the petals : ovary usually 5-locular with suspended ovules ; the 
micropyle is directed inwards : disc wanting : formula, K5 C5 -45 ■♦- 
5 I Ce. 

Fam. 1. Gbraniaobje. Flowers usually 
actinomorphic : two ovules in each loculus; 
the ovary is prolonged into a beak (carpo- 
phore) (Fig. 225 A a) ; the fruit is septi- 
cidal from below upwards, the separate car- 
pels (cocci) rolling up (Fig. 225 B), Seed de- 
void of endosperm. Herbs; leaves stipulate. 

Oeraniwm prcUense, sylvaticum^ sanguineum, 
and colunibinum, the Crane's-bills, are wild in 
England ; G. Itoberticmum, Herb-Robert, is uni- 
versally distributed. Erodium, the Stork's-bill, 
has the 5 stamens which are opposite to the 
petals transformed into staminodes ; K dcu- 
tarium is common in waste places. Pelargonium; 
in many varieties, is a well-known garden plant : 
the flowers are zygomorphie, and the posterior 
sepal is provided. with a spur which adheres to 
the pediceL 




B 



Fio. 226. — ^Fniit of Geranium. 
A. Before, B, aftei^ dehiscence; 
Fam. 2. LlNEiS. Formula, Kb C6 A6 ,, pedicel; /, locuU of the ovary; 

+ + 5, 1 G^!!?: flowers actinomorphic, «. the beak ; n, stigma ; 6, column 

of the septa (mag.). 

rarely all the whorls are tetramerous : the 

whorl of stamens opposite to the petals is replaced by staminodia : 
each loculus of the ovary contains two ovules, and is often divided into 
two by a more or less complete false dissepiment : capsule loculicidaL 
Herbs or shrubs ; leaves simple, with or without stipules. 

Idnum usUcUissimUm is the Flax : the strong bast-fibres are used in weaving 
linen ; the seeds contain oil ; the walls of the outer cells of the testa are muci- 
laginous. 

FauL 3. Oxalidbj!. Flowers actinomorphic ; formula K5 C5 A5 

+ 5, 1 G^^ ; stamens ten, connate at the base ; those Which are opposite 

to the sepals are the longest : ovules numerous ; fruit a capsule or 

more rarely a berry : seed containing endosperm^ Herbs, with 

compound, generally exstipulate leaves (v. Fig. 71). ' 

Oxalia Acetosdlaj the Wood-sorrel, is frequent in woods ; it contains much 
potassium oxalate. The tuberous roots or underground stems of some American 
species as 0^ esculerUa, crencUa and Deppei contain much mucilage and are usecl aa 
food. 
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Fam. 4. Balbahinbx. Plowen zygomorpbic ; fononla, K5 C5 A5 
+ I G!!' : the posterior eepal is spurred, and the two anterior are 
Bmall ot absent : tbe anterior petal ia large ; ovary S-lDcular ; ovnles 
niunerooe ; tbe fruit is septifr^al, tbe valves separate elastically and 
roll upvarda, so tbat tbe seeds are projected to some distance. Herbs, 
with simple exstipulate leaves. 

Impatient Noli-me-tangert, the yellow Wild Balsun, occnn id dunp aad sbtdy 
spots ; tbe ripe fmit flisH open with TioleDM at a touch. Impatient btUmtmina, 
in Indian species, is cnltiTatei. 

Fam. 6. Xrop£olb£. Flowers zygcKHOFphic ; formnla, K5 (75 A\ 
+ 4, <?!!' : tbe posterior sepal is prolonged into a spur ; the three inferior 
petals are clawed and ciliate-: tbe two median stamens, one belonging! 
to each whorl, are suppressed : one ovule in each of .the three locnli of 
the ovary. Herbs, leaves exstipulate. 

Tropaolu/m trmjia and mtntu, known as Naatnrtimn. are anireraall; caltivitGd. 

Order 16. — Tebebinthina 
Flovers generally pentamerous throughout ; carpels opposite to tbe 
petals ; ovary usually S-locular ; a disc between the andrcecium and 
the gyoceciucQ. 

Fam. 1. ZvaoPHTLLEa;. Flowers actinomorphic, 5 or 4-merona. Herbs 
or shrubs with decussate, generally imparipinnate, stipulate leaves. 
Uynvm Vita a the wood ot Ouiacum qffldnaU (West Indies). 
Fam. 2. Kutacis. Flowers usually actinomorphic : gyncecium 
sometimes partially apooarpoua, but tbe styles are tisually connate ; an- 
thers introrae. There are numerous oil-glands on the leaves and stems. 
Sah-faiD. 1. BuTSA. Ths placentas project into the 
locnli of the OTary ; each bears 3 or inoTe ovules ; [hut 
a locnliddal capsule : seed with endosperm. AuM 
gravielaa, tbe Ene, has peotameroua terminal flowers, 
and tetrameioiis Istend flowers. i>(c(ainnui Fraxintlla 
hM a lygomorphic Sower, 

Sdb-fam. 2. DiosHES. OvQles 2 in each locnlns : 
leaves simple. 

Barosma, Agatbosma, Emplenninu 
ulTilci^rfDtoto^ur Sub-fam. S. Xantboxtlr*. Flowewosiianyditocioiii 

and polygamons. 
Xanthtrt/lvrnfivmiuuia, from Nortb America, is • sbnib which issometunes 
cultivated. , 

Sub'fam. t. Toddaliea Gyncecinm syncatpons i fmit iodehiscent, winged, 
dry or aacculent 
PleUa Irifoliala is a North American ahmb with white flowers. 
Sab-fam. G. Avbantiks. Gyuteciom syacarpcos : calyx gamosepalooa 
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The genus Citrus has an indefinite number of bundles of connate stamens 
(polyadelphous) (Fig. 227 A), produced by the branching of the five stamens which 






FiQ. 227.— Flowor and floral diagram of Gitnis. A. Op«i ; e, corolla ; s, the partially connate 
stamenB ; n, the stigma. B. Bud ; Ir, calyx ; e, corolla : d, oil-glanda. 

are opposite to the sepals : the carpels are usually more numerous than the petals, 
and during ripening they become filled with a succulent tissue derived from their 
walls ; the various parts of the flower and the fruit contain much ethereal oil : 
the leaves, which are typically pinnate, are reduced to their terminal leaflet, 
which is articulated to the winged petiole (v. Fig. 11 G). 

Citrus medicaf and Limonumf are Lemons : CUrua vulgaris or Awrantium is 
the Orange, derived originally from tropical Asia. 

Fam. 3. Mbliaobjs. Stamens monadelphous ; the filaments have 
stipulate appendages ; no oil-glands. 

Mahogany is the wood of Svnetenia Mdhagoni (America). The wood of species 
of Cedrela is often erroneously termed " cedar- wood". 

Fam. 4. Simarubb^ Flowers actinomorphic, sometimes dicli- 
nous : there are no oil-glands, but the cortex and wood contain a bitter 
substance. 

Ailanthus glandulosa, from China, is a tree with multijugate pinnate leaves 
and a winged indehisoent fruit ; it is often cultivated. 

Fam. 5. Burseraobjb. Flowers actinomorphic : gynoecium syn- 
carpous ; ovary with two ovules in each loculus : there are resin- 
passages in the bast. 

Boswellia serrcUa (East Africa) yields Olibanimi, a gum-resin ; Balsamodendroii 
Myrrhs yields the gum-resin Myrrh (Arabia). 

Fam. 6. Tbrbbinthacbj:. Gynoecium of but 

few carpels ; sometimes one only is developed, the 

others being represented by two or more stigmas :, 

resin-ducts present. 

Various species of Rhus are cultivated as ornamental' 
plants ; in Bhtis eotmus many of the flowers are abortive, 
and the hairy peduncles become much elungated ; J2. 
eoriaria (Southern Europe) is used in tanning. Pistacia 
xeraf in Southern Europe, bears edible fruits; in its 
flower the petals and the stamens which are opposite to 
them are suppressed. 




Fia 228.— Floral diti- 
gram of Bhuk 
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Order 17.- 

Flowera usually pentamerona and zygomorpbic : some of the stamens 
are usually suppressed : the disc, when present, lies between the 
corolla and the andnscium : seed without endosperm. Usually trees. 

Fain. 1. Safindacb£. Flowers usually obliquely zygomorphic, in 
that the two petals of one side are larger and of somewhat different 
form to the three others ; of these, one, which lies in the plane of 
symmetry, is sometimes wanting : three stamens are usually sup- 
pressed, BO that the number is reduced to seven : the ovary is trilo- 
cular ; ovules, two in each loculiie. ' 

.SbcdIds has opposite, pulmatilid, exBtipakte leaves ; 
the flowerB are in terminal scorpioid raceme : the fmit baa 
a locuUcidal dehiscent ; jS. Hippoaulanumia the Hoise- 
Cliestnnt, detived ban Asia. ^. cameo, jS. Favia and 
other species are fi«qnently cultivated. A great nambar 
of fjenera and species grow in warm dimatfls ; thej have 
geDerollf scattered pinnatifid leaves. The fleshy fmit 
of SaptTtdui Saponaria makes a lather with water like 

Fam. 2. Acerinea. Flowers usually actinomorphio : stamens eight, 
in consequence of the suppression of the two median ones : ovary bilo: 
cular ; ovules two in each loculus ; when ripe the fruit splits into two 
one-seeded winged meriearps (samaras) (Fig. 230); leaves opposite, 
palmately lohed, exstipnlate : flowers in terminal racemes, sometime^ 
in corymbs, with an apical flower. 

The principal species of Acer, 
the Maple, are A. pseudoplalama, 
the Sjcsmore, having leaves 
with orenate marginB, flowers ia 
elongated pendnloOB tscemea, 
bloomin)^ after the unfolding of 
the leaves, and parallel -winged 
fruits ; A. plaiancidea, having 
leaves with serrate maigin^ 
flowers in short erect racemes 
blooming hefora tbe unfolding 
ot the leaves, and froits with 
widely diverging wings (even 
more than in Fig. 230) ; J. earn- 
peslre, the common Maple, which 
is sometimes shrubby, with a tri- 
lobate leaf, short erect racemes 
of flowers which bloom after the nnfolding of the leaves, and fruits with wings 
which are diametncally opposite. Some North American species are ofUn cnlti- 
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Vated, such as A, nibrum with five stamens opposite to the sepals ; A, dasycarpum 
with the same number and position of the stamens, without any corolla, and 
having dioecious flowers ; A. Negundo with pinnate leaves and dioecious flowers 
like those of the preceding species. Sugar is prepared from the sap of A, nigrum 
and dasycarpum especially. 

Fam. 3. PoLYGALAOBiffl. Flowers zygomorphic ; the two lateral sepald 
conspicuously large and known as "wings" (Fig. 231 k') ; petals three, 
the two lateral being 
absent; the anterior 
petal is very large 
and carinate : sta- 
mens usually eight 
forming a tube open 
posteriorly, towhich 
the corolla, or at least 
the anterior petal, 

^ ' Pio. 231.~Plower of Polygala grandi/loriL A. Seen .from 
is adnate (Fig. 231) : outside after the removal of the wing-aepaL B. Longitudinal 
carpels two median "^^^^ » *» calyx : A', wing ; c, ooroUa ; «, tube of stamenB (after 

forming a bilocular 

ovary, each loculus containing a single suspended ovule : fruit usualljl' 
a capsule. The flower somewhat resembles that of the PapilionaceflBJ 
but it must be borne in mind that here the two " alse " or wings 
belong to the calyx. 

Polygdla vulgaris, amiara and others, are herbs, woody at the base, occurring 
in woods and meadows. 

Fam. 4. Ebtthroxylb^. Flowers actinomorphic : petals ^^^^ 
with a ligular appendage : stamens ten, connate at the base by means 
of a disc and forming a tube : ovary 2-3 locular, with one suspended 
anatropous ovule in each loculus : seed with endosperm. 

The wood of most of the species contains a red dye. The leaves of Eryihroxy^ 
Ion Coca is chewed by the Peruvians as a stimulant. 

Order 18.— Frangulin-b. 

Flowers actinomorphic, 4-5-merous, sometimes perigynous or 
epigynous ; one whorl only of stamens, which either alternates with op 
is opposite to the petals, is usually present : disc usually withii^, 
sometimes external to the androecium : formula K5 C5 ^5 or + 
or 5, (r(!! or less ; the seed nearly always contains endosperm. Trees 
or shrubs. 

(a,) Formula ^n Cn An + o, GSll! or less ; n*s 4 or 5, or rarely 6. 
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Fam, 1, Cblastrinba. Flowers 4-5-meTOU8 : stamens and carpel* 
inserted on a fisttened disc : naoally two erect ovules in each locolus of 
the ovary : leaves scattered, entire, stipulate. 

In the genua Euonymns, the Spindle-Tree, the localicicbl capsula is invested 
by aa orange -coloured arillns i K eurapceus and laiifoliui occur both, cultivated 
tud wild. 

Fam. 2. Staphti.eaob^. Flowers pentameroofl : etamens external 
to the disc : ovules numerous, ascending ; leaves decussate, pinnate, 
stipulate. 
Stapkylia pinnaia ia grown in gardens. 

Fam. 3, PirroflPOBBa, Flowers peutameious t no disc : ovules 
numerous, attached to the usually unconnected septa : leaves simple, 
exstipulate. 

Piiio»poruin TobiTa, vndulaiam, cras^ifoliitm, are ornamental plants &om 
Australia. 

Fam. 4. Iucinea. Flowers 4-5 (rarely 6-)-merou8; no disc : one 
suspended ovule in each locnlus of the ovary : petals often connate 
at the base : leaves scattered, exstipulate. 

llix aqaifoliuvt, the Holly, with its corlaceoM, spinous, STergreon leaves, is 
common in plantations and woods : fruit a beny. Tbe leaves knowp in commerce 
■a Paraguay tea are derived front /■ Paraguensia in South America. 
(b) Formula Kn (7n ^o -t- n, (? (2-4) ; n = 4, 5, or rarely 6. 

Fam. 5. Rbaunba. Calyx usually gamo- 
sepalous : petals usually small and often 
hood-shaped (Fig. 232 c), enclosing the 
stamens opposite to them : flowers sometimes 
diclinous ; usually a single erect ovule in 
each loculus of the ovary, which is invested 
by a disc ; leaves usaally scattered, entire, 
stipulate : fruit a drupe or a capsula 
Shamnvj cathartina, the Backthom, hau opposite 

. leaves and tliomy twigs ; the berries of .ff. in/eotoriiij, 

I, hood-Bhapeil pslala mcJoilug in Southern Europe, yield a green or yellow dye : 
the itiuiiBM <a). J[. JVim^ia has scattered leaves ; its wood produces 

a particnlarly light charcoal 
Fam. 6. Ahfelidbs. Flowers 4-5-merou3 : sepals small ; the 
corolla is often thrown off before it opens (Fig. 233 -^i ") : a glan- 
dular disc between the andrceciiim and the gyncecium : ovules 
erect, one or two in each loculus : fruit baccate. Climbing plants 
with palmate exstipulate or stipulate leaves. 

Viiia vinifera, the Orape-Tine, probably derived from the East, is cultivated 
In endless varieties ; other species, such as V. tulpina and Labrmca, as also 
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^mpelopsis Jiederacea, the Virginia Creeper, are also frequently cultivated. The 
tendrils of the Vine {v, p. 18, Fig. 15 -4) are branches bearing scaly leaves in the 
axils of which other branches 
arise : their peculiar posi- 
tion opposite to the foliage- 
leaves may be explained 
as follows : the ordinary 
shoots are sympodia, and 
each tendril is the terminal 
segment of a member of 

the sympodium ; the fol- _ ^ . ^ 

, .1 . * X ^o- 288. —Flower of Vttta vinifera, and diagram. A. At 

lowing member is a shoot ^^ ^^^^^^^ ^, ^^^^^^ ^ ^^^ . ^^ ^^^ . ^^ ^^^,i^ 

springing from the axil of a, glands ; «, stamens ; /, ovary ; n, stigma (slightly mag.), 
the foliage-leaf which is 

opposite ifi the tendriL Every third leaf has no tendril opposite to it, that is to 
say, the members of the sympodium bear alternately one or two leaves. The 
inflorescences occupy the same positions as the tendrils. Each leaf has also a 
bud in its axil, which either remains undeveloped or gives rise to a dwarf-shoot : 
from the axU of its cataphyllary leaf an ordinary shoot is developed. 




E. Caliciflorce, 

Flowers nearly always perigynous or epigynous, cyclic, usually 
with caly^ and corolla ; stamens as numerous or twice as numerous 
as the petals, or in several whorls ; gynoecium syncarpous or apocarpous. 

Order 19. — Umbbl^iflor^. 

Flowers usually actinomorphic, epigynous, with generally a single 
whorl of stamens opposite to the sepals : calyx inconspicuous : ovary 
bilocular, with one ovule in each loculus : a disc between the stamens 
and the styles : inflorescences usually umbellate : - seed containing 
endosperm : leaves exstipulate. 

Fam. 1. IJMBELLiPBRiE. Formula, K5 C6 A6 G^^i the calyx is 
generally very small, often hardly visible ; the corolla consists of five 
rather small white or yellow petals ; occasionally the outermost petals 
of the flowers at the circumference of the umbel are larger than the 
others, and the umbel is then termed radiate : stamens five ; ovary 
inferior, bilocular : the base of the two styles is fleshy and thickened, 
forming an epigynous disc (Fig. 234 ^ d) ; one suspended ovule in 
each loculus of the ovary (v Fig. 148) : the fruit, when ripe, splits 
into two mericarps, each loculus of the ovary being permanently 
closed by a median septum (Fig. 235 a). The structure of the peri- 
carp is an important characteristic for the classification of the family. 
The fruit is commonly either oval in form (Fig. 235), or compressed 
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(Fig. 234 B), or nearly spherical (Fig. 234 E) : its surface beard 
loi^tudinal ridgea, (eoelx), five geaeniUf on each mericarp ; of these, 

■V »„ H , ,8 




Via, iSi.~A. PIoww of FrBnlouIum (moj.)- /. <""''. 
B. TVuit at Homclaum : p, pedicel ; g, style ; r, r, r. ridg« (onatie) : rr, marglnH] tidgoa ; 0, 
eil-ducta (vitln) (mag.). O. TnaBverw saddon oT mericarp of damn Ctirul.- n, laibai 
that eomea into contact with Ihe oUiBr morioatp ; o, vittH : t, ondospomi. Ii. TrHraTOTM 
■adjon ol mericarp of Conlum. £ Frilt of Corlandrum : i, marglna of tha ouifaca aloaff 
<a Id contact ; r, rid^ce ; n, aawadvT lidgos ; F^ aerUoTL of A 

two nm along the margins (Fig. 234 B, G, D, 
rr), and the other three along the dorsal surface 
(Fig. 234 B, C, D, r). In the spaces between 
the ridges, which form furrows, lie oil-dacta 
or receptacles (vittw) v. Fig. 334 B, C, o), 
and sometimes other secondary ridges (Fig. 
234 £, F, n). The mericarp when ripe is filled 
by the seed of which the lai^t part consists 
of endosperm (Fig. 234 0, D, F, e) enclosii^ 
a small embryo. According to the form 
assumed by the endosperm, the following 
groups may be distinguished ; the Ortkosper^ 
mem, in which the surface of the endosperm 
which is directed towards the plane of junction 
of the two mericaips, is fiat or convex, as in 
f Carum (Fig. 234 C) : the Camp^oipermecB, 
> in which the endosperm is concave towards 
wo^m^riatpsc^ Part *^^ ^""'^ plane, as in Coninm (Fig. 234 i>), 
of the BBpium eon«titut« the and the GcdogpermetB in which the whole 
cmpbop ors (o> endosperm is carved, so that it is seen to be 

concave towards this plane both in loi^tudinal and in tronsveisp 
section, as in Coriander (Fig. 234 F). 
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. The flowers, with few exceptions (Astrantia and Eryngium), are in 
compound umbels ; in some few cases, as in Daucus, there is a solitary 
terminal flower which is black in colour ; an involucre and invplucels 
are largely developed in some species, in others they are wholly 
wanting. The hollow stem bears large leaves with generally well- 
developed sheaths and much-divided laminsa. Barely the leaves are 
entire and amplexicaul, aain Bupleurum. 

I. ORTHOSPERMEiB. 

1. Umbels simple. 

Sub-fam. 1. Hydroootylejb. Fruit laterally compressed. The genus Hydro- 
cotyle consists of marsh-plants with peltate leaves. 

Sub-fam. 2. SANicuLEis. Fruit nearly cylindrical. This group includes the 
genera Astrantia and Eryngium. 

2. Umbds compound. 

Sub-fam. 3. Ammine^ ^Fruit without secondary ridges, laterally compressed : 
Bupleurum, Petroselinum, Apium, .£gopodium, Carum, Cicuta. 

Sub-fam. 4. Seselinks. Fruit without secondary ridges, circular in trans- 
Terse section : ^thusa, Foeniculum, (Enanthe. 

'; Sub-fam. 5. Anoelices. Fruit without secondary ridges, compressed in the 
median plane, the lateral primary ridges winged, the wings of the two mericarps 
divergent ; Levisticum, Angelica, Archangelica. 

Sub-fam. 6. Peucedanks. Fruit without secondary ridges, compressed in the 
median plane, the lateral primary ridges winged, the wings of the two mericarps 
apposed : Imperatoria, An^thuin, Pastinaca, Heracleum. 

Sub-fam. 7. Silerinejb. Each mericarp has four secondary ridges : Siler. 

Sub-fam. 8. THAPSjEiE. Each mericarp has four secondary ridges of which the 
external ones at least are winged : Laseipitium. 

Sub-fam. 9. Dauoinks. The secondary ridges are spinous : Daucus. 

II. Camptlosfermks. 

' Sub-fam. 10. Caucalinejb. Secondary ridges spinous : Caucalis. 

Sub-fam. 11. SoANDiCEis. Fruit without secondary ridges, laterally com- 
pressed, usually beaked : Anthriscus, Chserophyllum. 

Sub-fam. 12. Smtrniejb. Fruit without secondary ridges, unbeaked: Conium. 

III, Oelospermea. 

Sub-fam. 13. Coriandrejb. Fruit spherical ; secondary ridges more prominent 
than the wavy primary ridges : Coriandrum. 

Anthriscua ailvestris, Carwm Caruiy HeracUv/m apondylium, ^gopodium 
J^odagraria, Pastinaca sativa, are common in meadows and woods. The following 
are cultivated : Apium graveolenSy Celery ; Petroselinum sativum, Parsley ; 
Daucus Carota, the Carrot ; Pastinaca oleracea, the Parsnip ; Anthriscus cere^ 
/blium, the Chervil. The following are poisonous : Conium maculatum, the Hem- 
lock ; Cicuta virosa, the Water-Hemlock ; uEthusa Cynapivm, Fool's Parsley. 



270 PART IV. — THE GLASSIFIOATIOir OP PLANTS. 

Fam. 2. Araliacbjl Flowera generally pentamerous ; stamens 

sometimes more numerous ; carpels more or less numerous : fruit a 

berry or a drupe. Shrubs, sometimes climbers, with scattered palmate 

leaves. 

Hedera HeliXy the Ivy, does not blossom till it is some yeafs old : the umbels 
are borne on erect branches, the leaves of which are Entire. Fatsia papyri/era is 
used in Japan for making a kind of paper known as rice paper ; it is made firom 
the pith. 

Fam. 3. CoRNACE-a:. Flowers tetramerous, witji a dimerous bilocu- 

lar ovary : fruit usually a drupe. Shrubs with woody stems and entire 

opposite leaves. 

ComtLS Tnas, the Cornel, has yellow flowers which bloom before the unfolding 
of the leaves, and a red fruit. C. sanguinea and stolonifera are common shrubs. . 
Anctbba japonica has coriaceous leaves, dioecious flowers and a baccate fruit. 

Order 20. — SAxrPRAGiN-ffi. 

Flowers usually actinomorphic, perigynous or epigynous, some- 
times hypogynous : two whorls of stamens may be present, or only 
the whorl of stamens which are opposite to the sepals, or the flower 
may be polyandrous : the gynoecium may be isomerous, or a smaller 
number of carpels may be present, apocarpous or syncarpous ; styles 
usually free. 

Fam. 1. CRASSULACBLffi. Formula J^n On An [ + n ] Gn, where- 
n=:3 — 30: flowers hypogynous or perigynous with two (rarely one) 
whorls of stamens : gynoecium apocarpous, carpels opposite to the petals, 
with a scale (disc) behind the carpels: ovules numerous, marginal: fruit- 
a follicle : seed without endosperm : inflorescence usually cymose. 
Plants with entire fleshy leaves, arranged spirally, often in rosettes. 

The genus Sedum has usually pentamerous flowers ; Sedttm acre the Stone-crop 
is common on walls and rocks : S. maximum and others are common. The genus 
Sempervivum has at least 6-merous flowers ; S. teciorum, the House-leek, and 
other species, Echeveria, Crassula, &c., are frequently cultivated. 

Fam. 2. Saxifragacb^. Flowers usually 4 — 5-merous, epigynous 
or perigynous : stamens usually in two whorls : carpels less numerous, 
usually connate below and free above : seed containing endosperm. 

Sub-fam. 1. SAXiPRAGiifl!. Flowers perigynous or epigynous, 
actinomorphic or zygomorphic : petals with imbricate aestivation : 
two whorls of stamens, or only one (opposite to the sepals) : carpels 
usually two, diverging above : inflorescence of racemose cymes : fruit 
a capsula 
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The geniu Saxifraga has a bilocular ovary, bnt the flower ia otherwise penta- 
merouB ; the receptacle iuTeBta tb« lower connate portion of tbe orarj' ; man; 
gpeoiea oecnr in moHotaiaons diatriots, and in several of them there is a 
deposit of carbonate of lime on the marginsof the leaves ; only a few species, such 
as S. tridaetylila, grativiata, and decipiens, occur in the plains ; S. aarrnentoaa ia 
frequently cnltirated indoora. The genns iiergenia haa a free ovary (Fig. 286) ; 
B. b^olia, from Siberia, is an ornamental plant. The genus ChryaoBpIenium haa 
a tetrsmerons flower destitate of a corolla ; they are small planta, somewhat 
ruembling a Euphorbia, occurring in damp places. 





Sub-fam. 2. Paenassik*. Flowers perigyaous, actinomorpliic ; the 
five stamens opposite to the petals are transfonued into glandular 
Btaminodes : petals with imbricate »stivation : ovary 4-locular : 
ovules numerous : fruit a loculicidal capsule. 

Fanuatia palvMris has a vborl at tadical leaves, and terminal and lateral 
peduncles each bearing a single flower and adnate to a bracteole : it is treqaeutly 
(bund ia damp localities. 

Sub-fam. 3. Htdrangke. Flowers epigynous, actinomorphic, with 
two whorls of stamens : petals with valvate (estivation : leaves 
opposite. 

Bydrwagea korUnsa is a well-known garden-plant. The itiQoreacence is an' 
umbellate panicle, the marginal flowers of which (in cultivated plants all of them) 
are tetrameroas ; they have a very much enlarged calyx, and only the whorl of 
stamens opposite to the sepals ; they are sterile. 

Sub-fam. 4. Philadelphb*. Flowers epigynous, actinomorphic, 
4-5-meTOUs : stamens in two whorls, oi indefinite : petals with various 
(estivation : leaves opposite : fruit a capsule. 

PhUadtlphus conmaniu, (called Syringa or Hock Orange) has iweatlj scented 
flowers. Ikalxia aeabra, crtnala, and others are cultivated. 
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Sub-fam. 6. Kibesiacea. Flowers epigynons, actinomorphic, pen- 
tamerous : Htamens opposite to tbe sepals : 
carpels two : fmit a beiry : leaveg scattered 
palmate : iufloreecence racemose. 8liru1». 
Several species of Ribes, the Comjit, are cnl- 
' tirated; A mbrum is the Bed Cornnt, £ nigrum 
tbe Black Corruit, S. OrotmUaTia the Goooebeny ; 
the spines of the last species are developed from- 
tbe pnlvinQS. 

Fam. 3. Hamamelidxa. Flowers fre- 
^. quently diclinous and apetalous ; in other 
: respects they resemble those of the pre- 

B, BUmetu ; 0, lUM ; ff, nylog. pg^,,g group. 

Hamamelia virffiniai is an ornamental shrub from Kortb America, the temes 
of which somewhat reeemble those of tbe Hazel 

Order 21. — PabsifloriniG. 

Flowers actiiiomorpblc, epigynons, perigynous or hypogynona, 
peatameroua ; stamens in one or two whotls, or indefinite ; gynoecinm 
syncarpous, ovary nsually trimerons, unilocular : ovules numeroas on 
parietal placentas. 

Fam. 1. Passifloraccx. Flowers pentamerous, perigynous ; between 
corolla and andrcecium there is a disc consisting of a number of 
filamentous appendages : the andrcecium and the gyncecium are 
elevated upon an elongation of tbe axis : stamens five, opposite to the 
eeimls : leaves palmate. Climbing plants. 

Several species of Pasaiflora, the Pasraon -Flower, Iron) ttopical America, are 
cultivated. 

Fam. 2. Pafayacea. Flowers dicUnons, bypogynons : stamens in 
two whorls : carpels five. 

Cariea Papaya, the Papav, is cnltiTatf d in the tropica on account of its edible 
&iut : its latex is poisonoos. 

Fam. 3. Begoniacbx. (AfGnity doubtful). Flowers diclinous ; 
tbe male flowers have two dimerous petaloid perianth-wboils, and 
indefinite stamens crowded together ; the female flovrers are epigynons, 
tbe perianth consists of live petaloid leaves, the ovaiy is trilocnlar 
with numerous anatropous ovules botne on axile placentas ; fruit 
a capsule : leaves often very lai^e, nsually oblique : inflorescence 
cyraose, tbe male flowers being terminal on tbo first braucbee, the 
female terminal on the last. 
' Many spedes of Begonia, derived from the tropics, are cultivated as ornamental 
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Order 22. — Opdntin^. 

AflSnity doubtful Flowers epigynoua with the vary numerous petals 
and stamens, and often the sepals also, arranged spirally : ovaiy uni- 
or multilocular : placentas parietal. 

Fam. I. Gacte^ Flowers acyclic with numerous sepals, petals, and 
stamens, which gradually pass into each other : ovary unilocular with 
three or more parietal placentas : ovules horizontal ; endosperm little 
or none : stems of the most various forms : leaves usually represented 
liy tufts of spines. All are indigenous to tropical America, but many 
have been introduced into the eastern hemisphera 

Hunillaria hoa a spherical or cyliadrical stem on whicli tubercles, arranged 
tpimllj and bearing spiiiea, reprasEnt the leaves. Ecbinopsis and Ecbinocactua 
htive angular ridges on wbicli the tufts of spines grow. Cereus has an angular. 
columnar, elongated steni. Phjllocactiu and Rhipsalis have compressed leaf-i 
like stems. Opuntia and Nopalea have flattened sterna composed of a 
succession of flatt«aed ovate ahoota. The Cochineal insect Uvea on Nopaiea 
coccintlli/era. 

Order 23. — Mtrtiflob*. 

Flowers usually actinomorphic, epigynous or perigynous, with 
usually two whorls of stamens : gynoecium syncarpous with usually a 
single style: 
leaves tisually 



Fam. 1. On- 

AQRACEM. 

Flowers usually 
tetramerous 
throughout, epi- 
gynous : ovary 
multilocular, 
with numerous 
ovules on axile 
placentas : fruit 
a berry or a 
capsule ; seed 
without endo- 
sperm. Calyx 
often petaloid ; 
forming a loi^ «iri, c 




Pro. tSi.—A. Flower of FuchaU ; i, pedicel : /, Inferior ovttij ; J 



tube (Fig. 239 



rer uf SpitobiKm hiriutam (letters u before). < 
Fnilt of EpiloUum after deliiecence ; x, outer vail m. colurael 
farmed b; the eepta : », eeed wltli tufte of bsin (nat alee). 

18 
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(Enathera Uennit, the Evening Primrow, ocean on lirer banlis ; the seed has 
not a tuft of hiiiis, and the floweraare jellow. Epilabium is the Willow Herb, of 
which xaaaj species are common ; E. anguati/oli'um, hirmtum, and montanum 
occur in fields, hedges, and ditches ; the seeds have a tuft of long hairs ; flowers 
red, fruit a septifntgal capsale. dTOEa luteHana (H^nehanter's Nightshade) has 
dimerous flowers E2 C3 A2 0{j) ; commoa in damp and ahadj spots. Imardia 
palu3tTii]iaa no corolla ; ita fruit is a septioidal capaule. FuchMa (Fig. 239 A) 
many epHcies of which are cultivated as ornamental plauts, is a native of Sonth 
America i fruit a beny. 

Fam. 2. Haloragidk*;. Flower perigynoua or epigynoua, usually 
tetramerous throughout ; stameos in two whoils : sometimes the corolla 
or the whorl of atomens opposite to the petals is wanting : Beed con- 
taining endosperm. 

Trapa naiatu, the Water- Chestnut, a not veiy oommou water-plant of 
central Europe, has a stem beoriug a rosette of leaves which float on the surface 
of the water ; in the aiils of these leaves the flowers are home singly : their 
formula is Ki Ci Ai O (^}, and they are perigynotu ; the Chiit is indehiscent, and 
the sepals rem^ adherent to it in the form of four horns. 

MyrUiphyll'amverticillat'U'm and spicof um, the Water- Milfoils, are aquatic plants 
with finely divided leaves and small flowers home above the water in terminal 

Fam. 3. Hippuridbs. Flowers 
reduced, borne singly in the axils of 
the whorled' leaves : the perianth is 
indicated by a projecting rim on the 
ovary, and it invests also a single 
anterior stamen : the ovary contains 
a single suspended anatropous ovule. 

Hipparis milgaris, the Mare's tail, 
grows in water and in damp places : the 
stem projects out of the water. 

Fam. i. Rbizofhoeace£. Tropical 
trees with aerial roots, kuowa as Man- 
groves : the seed often germinates in the 
stem of fruit whilst it is still attached to the 
cut away ^^^^ ^^^ y,g primary toot estends till it 
reaches the earth. 




Fid. 210.— Furt of 
UippariA vtdgarit. The loai 
(after BachH). 



Fam. 5. LTTHBABiEi!. Flowers with two whorla of stamens : 
formula Xn Cn An + n G'% where n = 3^16: ovary free in the 
hollow receptacle : an epicalyx formed by connate stipules is often 
present : seed without endosperm. 

LyOirum SaZiearia, the Loosestrife, occurs in hogs and ditches : formula A'« 
CS ^S -I- e </ (-) : the stamens of the two whorls ore unequal in length, and the 
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length of the style also varies : three forms of flowers are thus produced (trimor- 
phism). Several species of Capbea, with a posteriorly sparred calyx-tube, from 
Mexico, are cultivated. 

Fam. 6. Mtrtaoe^. Flowers 4 or 5-meroas, epigynous : stamens 
often very numerous, or few and much branched (Fig. 240) : seed 
without endosperm : leaves usually opposite, dotted with oil-glands. • 





Fio. 241.-^iongitudi]ial section of the 
flower of CalotbamnuB : /, ovary ; <, 
calyx ; p, corolla ; <t, branched stamens : 
g, style (after Sachs). 



Pig. 242.— Flower-bud of Caryophyl- 
lus. the Clove, in longitudinal section : 
ft the inferior ovary, with the oil- 
glands (dr) ; 9kt the ovtiles ; ib, calyx ; 
e, corolla ; <t, stamens ; a, anthers 
g, style (enlarged). 



Sub-fam. 1. Myrte^e. Fmit a berry or a drupe ; stamens indefinite. 

Myrtus communis is the Myrtle of Southern Europe ; Eugenia and Garophyllua 
are also ornamental shrubs. 

Sub-fam. 2. Leptospermks. Fruit a capsule, dehiscing loculicidally from 
above downwards : stamens indefinite, in bundles which are opposite either to the 
sepals or to the petals (Fig. 241). 

Callistemon, Melaleuca, Metrosideros, Calothamnus and others are ornamental 
plants : Eucalyptus OlobtUus^ from Australia, is much planted in marshy districts 
which it tends to dry up by its active transpiration. 

Sub-fam. 3. LBOTTHiDEiB. Fruit large, woody, dehiscing with a lid, or in- 
dehiscent ; leaves scattered, without oil-glands. 

Bertholletia excelsa, grows in tropical America ; its fruits are known as Brazil 
nuts. 

Sub-fam. 4. Granatks. Fruit resembling a pome ; leaves opposite, without 
oil-glands. 

Punica granatum, the Pomegranate, grows in Southern Europe ; flowers 5-8- 
merous ; receptacle petaloid ; stamens indefinite ; in the ovary there are two 
whorls of loculi, an external superior of which the loculi are as numerous as and 
are opposite to the petals, and an internal inferior consisting of three loculL 

Order 24. — Eosiflorb. 

Flowers nearly always actinomorphic, perigynous ; calyx and 
corolla usually pentamerous and alternating : stamens rarely fewer in 
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Dumber than the petals or eqaal to them, generally indefinite in 
numeroua -nhorls: gyncecium usually apocarpous, enclosed in a 
lioltow receptacle : ovules anatropouB, suspended oi erect ; seed 
without endosperm ; leaves scattered, stipulate. 

Fani. 1. Rosacea. Ovaries numerous, monomerous, attached to 
the base and sides of the hollow receptacle, which is narrow above (Fig. 
243 C) ; each contains a single suspended ovule, and, when ripe, are 
achenes enclosed in the fleshy receptacle : the sepals are frequently 
persistent at the top of it. Shrubs with iroparipinnate leaves ; the 
stipules are adnate to the petiole. 

Many epeciea of Boss, the Rose, are wild, sucTi as R. ancnais. eanina, and 
TuMginosa, aJid mftny others are cultivated, as S. cenli/olia, damaaraia, indiea, 
ruhifolia, itc. 

Fam. 2. SpiRSACafi. Ovaries, monomeroua, each containing two or 
more suspended ovules : they are inserted upon the floor of the flat, 
open receptacle, and become follicles ; the calyx is persistent till 
the ftuit is ripe. 

Spiraa Ulmaria, Meadow-sweet, AraiKus and Filipendvla (Dropwort) occur 
in woods, meadows, 4c., ic. ; Sp. aorbifolia, media Klmifolia, and other Bpecies, 
Kenia jcqxmica and Ehodotypua (with drupes) are ornamental sbrnbs. 

Fam. 3. AMroDAiEa. A single monomerous ovary with two sus- 
pended ovules, which is inserted on the floor of the receptacle (Fig. 
243 A and 244 C) ; the receptacle and the calyx fall off when the 
fruit is npe : stamens usually in three whorls of 5 or 10 ; fruit a 
drupe (F^, 162 r) ; only one seed is usually present. 




■JOB Oi flgwcra, A. Aidyg;d&l«e. B. Drymdao. 

[ ; c, corolU ; /. oitriea ; n. atlgmu. 
The Truit of the genus Amygdaliis has a farrowed coriaceous endocarp: A. 
communis, the Almond tree, and nana, are trees of Southern Europe : A. pa-tica, 
is the Peach. Tbe fruit of the genns Pmnus has a smooth stony eudocarp : 
F. ta-meniaca is the Apricot i P. domeatiea, is the Wild Plum ; it has an ovoid 
fruit and glahrous shoots ; P. inaifUia is the Bullace, it has a globoid fruit and 
hirsnt« shoots ; P. cctosus, the Wild Cherry, has foliage-leaves at the base of its 
vmboUate inflorescences ; P. avium, the Sweet Cherry (Gean) has only scales >t 
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tlie base of its inflorescences : P. PaduSy the Bird-Cherry, has elongated racemose 
inflorescences ; P. Mahaleb, the Damson, has fragrant bark : P. laurocerasus, the 
Cherry-Laurel, has evergreen leaves which somewhat resemble those of the true 
Laurel ; P. spinosa in the Sloe or Blackthorn. 

Fam. 4. Sanguisorbble. Ovaries few, often but one, monomerous, 
enclosed in the cavity of the receptacle which hardens as the seed 
ripens : ovules solitary, suspended. 

The genus AlchemUla has tetramerous flowers destitute of a corolla, the 
stamens (4 or fewer) alternate with the sepals ; an epicalyx is present : A. 
vulgaris, the Lady's Mantle, and A. arvensiSj are common. The flowers of the 
genus Sanguisorba have no corolla, the stamens are opposite to the sepals, and 
they have no epicalyx ; S. officinale is common in meadows. The flowers of 
the genus Poterium resemble those of the preceding, but the stamens are in- 
definite, and they are polygamous. The flower of Agrimonia is pentamerous ; it 
has a corolla and indefinite stamens; the outer surface of the receptacle is 
beset with bristles. 

Fam 5. Dryadb^. The ovaries, which are numerous, are inserted 
upon a prolongation of the axis into the cavity of the receptacle (Fig. 
243 B and 244 B) ; each contains 

a single ovule. The calyx is usually '^'^ T p)^ L ...rjM/t*. 

surrounded by an epicalyx formed 
by the connate stipules of the 
sepals. The stamens are usually 
indefinite, each whorl consisting of 
as many or twice as many stamens 
as there are petals. These flowers Fio- 24^— a. Flower of the Cherry; », 

««« l,-of;«r,«,-oU«,^ 4f«^*« 4-1, «o« ^4? fl,^ peduncle; c, corolla; a, stamens; g, style, 
are distinguished from those of the projecting out of the cavity of the recep- 

Kanunculacese, which they some- tacle. 3. Fruit of the Blackberry, Rubu$ 

what resemble, by the whorled ar- /-'*'^--^- ^' <^y^ • /' ^^^^^ ^^^ 

rangement of the stamens and by the presence of the hollow receptacle ; 

for in Eanunculaceous flowers the stamens are arranged spirally and the 

sepals are quite free. 

Of the genus Potentilla, which has dry fruits and a dry receptacle, many species 
are common, such as P. anserina, the Silver-weed, reptans, Tormentilla, and 
others. Fragaria is the Strawberry ; the receptacle becomes succulent as the 
fruit ripens and bears the small achenes on its surface ; F. vesca, elatiar, and 
collina are found in woods ; F, virginiana and other North American species are 
oultiyated. The flowers of the genus Rubus have no epicalyx and the fruits are 
succulent when ripe : Rubus Idoeus is the Raspberry ; its fruits separate from the 
dry receptacle when they are ripe : in R. fndicosus, the Blackberry, and R* 
cassitiSf the Dewberry, the upper part of the receptacle separates together with 
the fruits when ripe. Dryas octopetala is a procumbent alpine shrub with an 
oval long-tailed fruit (resembling that of Clematis Vitalha), Geum urdanum and 
rivale (Avens) occur in woods and damp fields ; the long style is hooked. 
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Fam. 6. Pomaces Ovaries five or fewer, contaittrt in the Cavity of 
the receptacle, connate, and adnate to the wall of the receptacle 
(Fig. 243 D). The spurious fruit is surmounted by the caljrx. The 
individual fruits either become hard and are like small drupes im- 
bedded in the fleshy receptacle, or they have only a thin wall, so 
that they are more like capsules, and seem to be loculi of the whole 
fruit, as in the apple for instance, where the succulent portion is 
derived from tiie receptacle, and the core consists of the fruits 
enclosing the seeds, which are basal, generally two in each carpeL 
Stamens indefinite : no epicalyx. Shrubs with deciduous stipules. 

I. With stony fruits. 

In the genus Cotoneaster* the fruits project above the receptacle : in Cratse- 
gus, the Hawthorn, they are completely enclosed ; C. oxyacaivthaf the May, and 
G. monogyna are common ; other species from the East and from North America 
are cultivated ; Mespilus, the Medlar, has a large fruit which is surmounted by 
the five large sepals. 

II. With coriaceous fruits. 

Cydonia, the Quince, has numerous ovules on the ventral suture of each carpel ; 
the outer layers of cells of the testa are mucilaginous. Pyrus has two basal 
ovules : P. communis and others are the Pear-trees ; the loculi of the spurious 
fruit seen in transverse section, are rounded towards the exterior ; the fruit is not 
hollowed at the base: P. Malus and others are the Apple-trees; the fruit is 
hollowed at the base, and the loculi, seen in transverse section, are pointed 
towards the exterior. Sorbus resembles the preceding genus ; S, aucuparia is 
the Mountain Ash or Rowan-tree. Amelanchier, the Service-tree of Canada, has 
only one ovule in each loculus. 

Order 25. — LUGUMiNOSiE. 

Flowers usually medianly zygomorphic, hypo- or perigynous, pen- 
tamerous, with calyx and corolla : stamens ten or more : ovary of a 
single anterior carpel : ovules borne on the ventral suture : fruit a 
legume or a lomentum : flowers always lateral : leaves nearly always 
compound. 

Fam. 1. PAPiLiONACE-ffi. Flowers zygomorphic, papilionaceous. 
The five sepals, one being anterior, are usually connate, forming a tube 
above the insertion of the corolla and the androecium : the five lobes 
are usually unequal and sometimes form two lips, the upper of three 
and the lower of two teeth : petals five, alternate with the sepals, imbri- 
cate, so that the anterior petals are overlapped by those behind them; the 
posterior petal is much enlarged, and is called the vexillum (Fig. 245 
Ay fa) \ the two lateral petals, which are much smaller, are termed 
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the aloe (Fig. 245 A^ jf) ; the two anterior petals are connate or some- 
times simply apposed, and form a hollow boat-shaped body, the keel, 
or carina (Fig. 245 Ay s). In a few 
cases the corolla is entirely or partially 
suppressed ; thus in Amorpha, only the 
vexillum is present. The ten stamens 
are either connate, forming a tube, or 
the posterior stamen may be free, so that 
the tube consists of nine stamens, and is 
incomplete posteriorly (Fig. 245 A) ; 

. . ii*_ 1 ^'O- 246.— Flower of Lotut comicn- 

rarely the stamens are all free : they ^^^ (somewhat mag.)- ^. with one 
mostly curve upwards, and diminish in *^ removed ; fc, calyx ; /a, vexiiium ; 

, ,y_ M •isj.t.i J rm. Jl, ala ; «, carina. B, With the corolla 

length from m front backwards. The ^^^^^ . ^^ ^ube formed by the eta- 

ovary, enclosed by the Staminal tube, mens ;aj^ the free stamen ;o, anthers; 

consists of a solitary anterior carpel ; it **' ^**«f™** 
is often divided into two chambers by a spurious longitudinal septum, 
or by transverse septa into several chambers. The fruit is usually a 
legume or a lomentum (Fig. 160 -4), rarely one-seeded and indehiscent. 
The flowers are solitary and axillary, or in racemes. The leaves are 
only rarely entite, usually palmately or pinnately compound, with 
often large stipules (Fig. 8 G), 

Sab-famUy 1. LoTEA Legume unilocnlar, or bilocular in consequence of the 
formatioa of a spurious longitudinal dissepiment, usually dehiscent, many-seeded. 
Cotyledons leafy, epigseaL 

(a,) Stamens, monadelphous. 

Many species of Genista and Cytisus are common ; the leaves in the former 
genus are simple, in the latter they are usually temate ; O, germanica has thorns ; 
C. Laburnum is a well-known flowering tree. Sarothammcs scoparius is the Broom ; 
the stigma is capitate; it is common in sandy districts. Lupinus has spongy 
septa in the legume ; L. ItUetu is cultivated. Ononis repens and apinosaf and 
Anthyllis Vulneraria^ the Eidney-yetch are common in meadowa 

(b,) The posterior stamen is more or less free : 

Trifolium is the Clover : the stamens are partially adnate to the corolla ; the 
withered corolla persists and encloses the small legume : flowers in capitula ; T, 
praiense, the Red Clover, T. repens^ the White Clover, and hybridum, which are 
common in meadows, and T. incamcUum, Arom the East, are cultivated. Lotus 
eomiculatuSf the Bird's foot Trefoil, with a beaked carina and spirally wound legume, 
is common in meadows. Medicago has usually a spirally- wound legume, and a 
decidus corolla ; M. feUccUa and lupidina are common ; Af, scUiva-, Lucerne, is 
cultivated. Melilotufi has a globular legume ; M alba and qfficincUis are common 
on the banks of the streama Trigonella. Indigt^era tinctoria, in the East Indies, 
produces Indigo. Glycyrrhiza is the Liquorice. Colutea, the Bladder Senna, 
has a swollen fruit ; C, arborescens and various species of Caragana are cultivated 
as ornamental plants. Mobinia Pseudacaeia, the fidse Acacia, is a native of North 
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America, but it hiu become aatoialUed. AmorpliafnitieMa is a common afanib, 
from Nortb America. Aatragalna has a legume nith a spnrioua diiaepimeut : 
very many species of it occur, eBpecially in the East. 

Sab-family 2. Btdysurea. Legume with tmnaveree aepta, dividing into 
segments. Cotyledons leafy, epigEeol. 

Hippocrepia and Coronilla are common in meadows ; Onebrychis xUiva, the 
Sainfoin, ia cultivated. ArachU hypogaa, the Eorth-AltDond or Gronnd Nut of 
tropical America, ripens its ^ita in the eart:h. 

Sub-family 3. Viciae. Legume nniloonlar ; cotyledons hypogteal ; posterior 
stamen free ; leaves usnally ciirhose, 

Vicia saliva, the Vetch, and V. Faba, the Bean, are cnltirated : other species 
occur wild. Pisum aatmnn and arvenae, the Pea, is cnltivated. Sniiim ktu, 
the Lentil, belongs to Southern Europe. Varioua species of Lathyms and Orobns 
occur irild in noods ; L. odm-atua and others are cultivated. 

Sub-family i. Phaxmlete. Legume unilocular ; cotyledons nanally epipeal, 
but not leafy ; leaves usually imparipinnate, frequently temste. 

Phaaeolasvalgariay the French Bean, andi*. multifiorus, the Scarlet Runner, are 
cultivated. Wistaria thi-atn3i$ is an ornamental climber. Physostigma is the 
Calabar Bean, 

Sub-family 6. DalhergiecB. Legume indehiscent ; cotyledons fleshy. 

PterocarpQS. Diplerix odoraia, the Tonka 
Bean of South America, contains coumariu in 
the seed. 

Sub-family 3. Sophoreas. Stamens oU free. 
Sophora japonica and CladToatis httta are orna- 
mental plants. MyroxyloQ. 

Fam. 2. C^salpikik^. Flower zygo- 
inorphic,but notpapUionaceous (Fig. 216); 
petals imbricate, 8o that the posterior 
\ petal ie ovetlapped by those anterior to 
' it ; stamens ten or less, free, more rarely 
connate : the legume is frequently divided by transverse septa, and is 
indehiscent : flowers in panicles or racemes. 

OUditacMa friiKanthoa and other species are culti- 
vated for omajnent. Cerdi ailiqvaitnim, the Judas- 
tree, has rounded leaves. The vrood of Ceaalpinia 
braaiiiensis is known as Pemambaco or Brazil wood. 
Fam. 3. MiM(KBfi. Flowers actinomoi'pbic, 
with valvate ajstivation : stamens ten, rarely 
fewer, frequently very numerous ; free (Fig, 
247), usually much longer than the perianth : 
legume sometimes divided by transverse septa. 
The flowers usually grouped in spikes or ca- 
pitula. 

Mimoaa pudiea, the Sensitive Plant, has irritable 
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leaves. Species of Acoda an unmerona in ACrica, Asia, and Aiutralia. Id the 
Australian speoiea the leares an represented by flattoDed petioles (phjllodes) 
vbich are extended in the median plaao. 

Order 26, — ThyuelxikiG. 

Flowers aetinomorphic, 4 or B-mei'oua : corolla usually suppressed : 
stamens typically in two whorls : ovary monomerous, with a single 
anatropous ovule, inserted on the Soor of a hollow receptacle. 

Earn. 1. Tbyhbi^acex. Flowers hermaphrodite ; calyx and 
receptacle petaloid with a 4-lobed limb; in foreign genera the 
corolla is represented by small scales ; the four stamens opposite to 
the sepals are inserted higher on the tube of the calyx than the four 
which are opposite to the petals (Fig. 248) : ovnle suspended ; fruit 
a berry. 

Daphju Maenm, is common in woods ; the tunally S-Sowered inlloreacences 
are boine in the axils of the foliage leaves of the previous year, and tbej bloom 
before the devBlopment of the loaves of the same year. 




Fia. WB. -PerlAiith of tha flowar cJ 
Davlme Matrtm laid open <x &): a, 
ths four Bupsrior ; h, ths (our Interior 
stamena, aduate to tbe calyx. 




Fio. SM.— Bennaphrodito floirar o 
agnut fiuea. A, In longitudinal ai 
B. Floral diagram (the calyx la emneoualf 
placad diagonally. InaUsd of msdlo-UtaiHlly)^ 
d, dtac {BDlarged. aftsr Bagha). 



Fam. 2. Elaagnacea. Flowers diclinous or polygamous, 4 or 2- 

meroua ; the corolla is absent : the stamens opposite to the sepals are 
sometimes wanting (Fig. 249 B) ; a disc (Fig. 249 A, d), usually 
closes the receptacle : fruit an achene, surrounded by the receptacle 
or by the whole perianth : ovale basal : the leaves are covered, 
especially on the under surface with scaly hairs. 

Bippophae Thamiuridea, the Sea Buckthoni, is a shrub vhich is sometimes com- 
mon on the banks of streuBS ; the smaUer btauches mostly terminate in a thorn ; 
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the flowers are dioecious and dimerous ; when the fruit is ripe the calyx is of an 
orange colour. Eleagnus has tetramerous polygamous flowers (Fig. 249) ; it is 
commonly cultivated. 

Fam. 3. PROTEAOEiE. Af- 
finities doubtful. Flowers 
hennaphrodite ; the very 
short stamens are superposed 
on the four segments of the 
perianth, and are adnate to 
them (Fig. 250 B) : when 
the flower opens, the tube 
of the perianth often be^ 
comes still more deeply 
cleft : the ovary is usually 

Fig. m.-Yio^^Toi M^e^mgUOyrata. A. Before ^^^^^ ^P^^ * ProloUgation 
opening. B. Open ; p, segment of the perianth ; of the axis (Fig. 250 O, Qp). 
a, anther ; n, stigma. C. Ovary below, in longitudinal />• mi ir i • 

section ; gp, gynophore. D. Transverse section of the ^^otea, Grevillea, Manglesia, 
ovary. E. Ripe fruit (after Sachs). and others occur mostly in 

South Africa and in Australia. 




SuB-CLASS IV.— GAMOPETALiE. 

Perianth always differentiated into calyx and corolla, the latter 
being generally gamopetalous ; m some cases it is suppressed. 

A. Isocarpea, 

The number of the carpels is usually the same as that of the petals 
and sepals : the ovary is usually superior. 



Order 27. — PRiMULiNiE. 

Flowers actinomorphic, usually pentamerous : formula Al(5) {G{h) 
Ao + 5) G^^ : stamens inserted on the tube of the corolla and op- 
posite to its lobes : ovary superior, consisting of five connate carpels 
which are opposite to the sepals, unilocular, with a free-central placenta 
or a single central ovule. 

Fam. 1. PniMULACEiE. Style single : ovules indefinite, on a free 
central placenta (Fig. 148 G) : the corolla is gamopetalous, tubular 
below, expanding above into a 5-lobed limb which is wanting only in 
Glaux : the anthers (Fig. 251 a) are adnate to the tube of the corolla 
and are opposite to its lobes ; this position of the stamens is explained 
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by supponng that an outer whorl of stamens (which is present in the 
following order) is here suppressed : fruit a capsule, Herbaceona 
plants with conspicuous flowers. 

The genua PriiDiil> has a S-valrcd dehiscent capsule, and a S-ckrt ce^yx. 
Primula elatior, and P. verit ape the Oxlip and the Cowslip ; they ars remark- 
able in that they are heteroetyled ; that is, that in some flowere (Fig. 251 B) the 
style is as long aa the tube of the corolla, and the stamens are situated at about 
half the height, whereas in othere (Fig. 251 A) the style is only half the length 
and the anthers are inserted in the throat of the corolla : fertilisation only takes 
place when the pollen of the anthers which correspond in their position to the length 
of the Btylfls is applied to their stigmas. The capsule of AnagallU arvfTisis, the 
Pimpernel, dehisces transveraelj (pyxidiuni). Oyclamtn taropmnin, the Sow- 
bread, has an nndeigronad tuber; the lobes of the corolla are rofleied. 
Lysimaohia has a deeply 6-oleft calyi. Trieotalis has usually a 7-merons-Bower. 




FuL 2G1.— Dlmoridiiii flowan I 
B. Long it^led fom : k, calyx i r 
dlaglBID of Primula. 

Fam. 2. Mtrbinbs. Theee plants differ from the preceding in 
that the fruit is baccate and the stem woody. 

Ardiaia, with red berries, is a well-known ornamental plant 

Fam. 3. Pluubaginba. Styles five : there is a single basal oviile in 
the cavity of the ovary : flowers often small, in dense inflorescences 
with numerous bracts. 

In the genqs Amieria the flowers are in capitula, which are snrronnded by an 
inTolucre fonned of the lower scarious bracts ; A. vulgaria, the Thrift, occurs on 
sandy soils. Statice, with one^aided spikes, occnra on sandy Bea-shores. Plum- 
bago ocGDTB in S. Europe and in the East Indies. 



Order 28. — Diobpyrih^ 
Flowers actinomorphic, 4-8-meTOUB ; formula often Xi C(i) Ai 
4- 4, G'% the outer stamens being sometimes suppressed; .carpels 
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opposite to the Bopala : ovarj multilocular with one or two suspended 
ovules in each louulus ; fruit usually fleehy. 

Fam. 1. Sapotk«. Tropiaal tteea with milky juice. 

laonandTa OiUla an East Indian tre«, yields OuUa-pen^a. 

Fam. 2. Gbenacbs. Trees ; flowers generally diclinous. 

I>yotpyro3 Ebenum in tlie East Indies ylelda tlie wood luiown as Ebony. 

Fam. 3. Stvbaces. Flowers perigynous or epigyuous ; trees. 

Oum Betaoin is the resin of Slyrax Bejoain in the East Indies. 

Order 29.— Bicoenes. 

Flowers 4-5-merouB ; stamens usually in two whorls ; carpels op- 
posite to the petals : formula Ka (7(n) ^n + n | G{a), where n = 4 
or 5 ; ovary superior or inferior, multilocular, with large projecting 
axile placentas : seed with endosperm : anthers usually appendiculate. 

Fam. 1. £iiit:ACB.£. Ovary superior ; anthers generally opening 
by two pores at the top (Fig. 252 A), furnished with appendages : 
fruit a looulicidal capsule, or fleshy. 

The genua Erica hae a t-lobed corolla and a looulicidal capsule : Eriea einerea, 
Ttiralix, and Calluna vulgaris, the common Heath or Ling, occur on heaths and 
moors. Ardoslaphylos Uva Urn, ia the Bearberry ; its fruit is a beny. Atbuliu 
Utudo, the so-called Strawberry-tree, belongs to Southern Europe. 




it, calyx ; c, corolla -, a, anthsrs. S. Fruit of 
Pi/Tota roiumii/olKi: '. pedicel; t, calyi ; /, trilt. the locull o( which alternate with thB 
Bopala ; e. style ; n. stlgina. C. Flower of Faainiiim Myriaiut: f, ovary (inferior) ; t. calyi ; 
c, coralla. Floral diagram of Erica ; the statnoM oppoalte to the petals arc faintly duded. 

Fam. 2. EpacBlDE*. The whorl of stamens opposite the petals is 
usually wanting i the anthers open by one fissure only ; ovary superior. 
Australian plants. 

Fam. 3. Rhodoracrs. Ovary superior : the anthers usually open 
by two apical pores, and have no appendages : fruit a septicidal 
capsule. 
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RhododeTidran, femigineum and hirsiUum, the Alpine Rose, are wild on the 
Continent ; other species of Rhododendron and Azalea from India and the 
southern shores of the Black Sea are cultivated. 

Fam. 4. Pyrolacb^. Ovary superior : petals commonly connate 
at the base only : anthers without appendages, generally dehiscing 
transversely or by pores : fruit a loculicidal capsule : seed minute 
with an extremely small embryo, consisting of only a few cells and a 
relatively massive integument. Saprophytes containing chlorophyll. 

Pyrola rbtundifolia, secunda, minor, and unifloray the Winter-greens, are found 
in woods. 

Fam. 6. Monotrope^. Saprophytes devoid of chlorophyll with 
scale-like leaves, otherwise resembling the PyrolacesB. 
Mtmotropa HypopUys, the Bird*s-nest, is not very common in England. 

Fam. 6. Vaccinie^. Ovary inferior (Fig. 252 C) : anthers with 
appendages (Fig. 141 B), usually opening by two pores : fruit a berry. 

Vaccinium Vitis-Idom, is the red "Whortlebeny or Cowberry ; it usually 
blossoms and bears fruit twice in the year. V. Myrtilltis is the Bilberry or 
Whortleberry, with deciduous leaves. V. Oxycoccos, the Cranberry, and K", 
V,liginosumy the great Bilberry, are low shrubs occurring on moors. 

B. Anisocarpece, 
Usually only two median (or somewhat oblique) carpels. 

1. Hypogynce, 
Ovary superior. 

Order 30. — Diandr^. 

Flowers actinomorphic, usually 2-or 4-merous, rarely 5-merous : 
stamens and carpels always two, alternate : ovary bilocular with a 
single style : two ovules in each loculus : leaves commonly decussate, 
exstipulate : formula usually ^"4 (C(4) A2) G?!i\ 

Fam. 1. Oleace^. Calyx and corolla usually 4-merous, sometimes 
wanting; corolla with valvate aestivation : ovules suspended and 
anatropous : fruit a capsule, a berry, or a drupe : seed with endo- 
sperm : stem woody : leaves always decussate. 

Sub-fam. 1. Oleinelb. Fniit a berry or a drupe. 

Ligustrum, has a baccate fruit ; L. vulgare, the Privet, is a common shrub. 
Olea has a dinipaceous fruit ; 0, europosa is the Olive-tree of the East and of S. 
Europe. 

Sub-fam. 2. Fbaxinejs. Fruit a capsule, or winged and indehiscent (samara). 
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The genni Fruiniu luu a winged frait ; m F. txeelrior, the common Aah, ths 
perianth ia mpprmgad and the flowera are polygamana ; in F. Omtu, the Manna 
Ash or S. Europe, the peri&nth ia complete, and the coroUit U deeply cleft (Fip. 
253 A). The fruit ot the genns Syringa is a 2-TalvBd oapaule ; the limb of the 
corolla is 1-lobsd ; £. vulgaris is the Lilac 




FiQ. iSS.—A. Flower ol Fraxiniu Onuu (enluged) ; t, ctijx : e, ooroIlB ; Mt, atunoiu : 
/, nrary : n, Htlgma. B. Herauiphfodlt* fluwer of Fi-axinut aeiltior, the Cammou A^ ; 
nn, aatherfl i /, orary ; n, stigma (aDtar^rvd). noral dlAgTAm or the OUacoB. 

Fam. 2. Jashimea. Calyx and corolla i-5 merous ; corolla with 
imbricate contorted testivation ; ovulea erect, anatropoiis ; fruit a cap- 
sule or a berry : Beed without eDdoapenn. Shrubs, often climbing, 
with scattered leaves. 

T]mtlowtTaoS Jarnimumgrandifiommaai other species belongingto S. Europe 
contain a very fragrant ethereal oil 

Order 31. — Contorts 

Flowers actinoniorphic : perianth and andrcecium usually 4-or 5- 

merous : .corolla with contorted aestivation {to the right) : stamens 

inserted on the tube of the corolla ; carpels two : leaves commonly 

decussate and exetipnlate ; formula K5 (0(5) ^45) (?!'. 

Fam. 1. Genii ABE£. Carpels perfectly 
connate forming a uni- or biiocular ovary : 
ovulea parietal, numerous, anatropoua : seed 
with endoaperm. TJeually herba without milky 
juice : leaves almost always entire. 

Sub-fam. 1. OESTiANoiDEfi. Leavei deensaate : 
eoroUa with contorted leetiTBtion, 
Gentiana, the Gentian, has a btlobed stigma; it 
' occurs in monntainoas districts, Erythrtea has a capi' 
' tate stigma ; E. CtnimtTium, the common Centauryi 
is common in pastures. 
Sub-fam. 2. MEHVANTnRS. Leaves spiral : corolla with valvate lestivation. 
: Meayantliea trifiliaCa, the Bnckbeui, with temate leav««, is common in marahe^ 
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Fam. 2; Loganiaoe^. Ovary 2 to 4-locular, each Joculus contain- 
ing one or several ovules : seed with endosperm (Fig. 157 A), Mostly 
trees with opposite and usually exstipulate leaves. 

Semen Stryehni or Nux vomica is the seed of Strychnos Niian vomica in the 
£. Indies, extremely poisonous. The South American Indians poison their arrows 
with the sap of the cortex of Strychnos guyanensis under the name of Curare. 

Fam. 3. Apocynb^. The two carpels are usually connate only by 
their styles which become free as they ripen : seed usually devoid of 
endosperm. Herbs or shrubs with milky juice ; leaves exstipulate. 

Nerium Oleaitder is an ornamental shrub. Virica minor and other species, the 
Periwinkles, are common creeping plants, wild and in gardens. 

Fam. 4. Asolbpiadb^ The two carpels usually form two distinct 
monomerous ovaries : styles short, united into one stigma : stamens 
connate forming a tube sur** 
rounding the gynoecium, having 
pouch-shaped (Fig. 255 B^ i) and 
spur-shaped (Fig. 255 B, h) 
appendages : anthers 2-4 locu- 
lar; the pollen of each sac 
forms a mass (pollinium), and 
the masses of each pair of con- 
tiguous sacs adhere (Fig. 255 
c, jp^ p) and are conveyed by 
insects to the stigmas : ovules 
numerous, attached to the 

ventral suture: seed usually "tamen; a. the anther. C.Pollen.mas8e8,^andp. 

without endosperm. Generally woody plants, often climbers with 
milky juice : leaves exstipulate. 

AscUfias syriaca and other species are grown in gardens, also Hoya camosa 
the Wax flower. Stapelia has a fleshy cactus-like stem. 




Fio. 256. — A. Flower of Asdei^as (mag.) : c, 
the reflexed corolla ; n, stigma ; h, the spurs ; 
t, the pouches of the stamens. B. A solitary 



Order 32. — Tubiflorje. 

Flowers actinomorphic, or if zygomorphic, not so in the median plane : 
flowers pentamerous : stamens epipetalous : ovary of two, rarely five, 
carpels : leaves usually scattered and exstipulate : the inflorescence is 
often cymose, with a terminal flower : formula -^(5) (0(6) A6) 

OJl to (6). 

Fam. I. CoNVOLvuiiACRffi. Usually two median carpels forming a 
bilocular ovary with 1-2 anatropous ovules in each loculus : the corolla 
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lias usually a contorted sestivatioD, twisted to the right : fruit a 
septifragal capsule or a berry : seed with endosperm. Commonly 
climbiug plants with milky juice, 

Convolvultu arveruia, the lesser Bindweed, and Calyateffia itpiitm, the lat;g«r 
Bindweed, the former with sQiall bracts, the latter with large bracts which invest 
the calyx, are common wild plants. Saiataa edulit is ctdUvatod in tropical 
America for its edible tuberous rhizome, the sweet potato. 

Fain. 2. Cdscutea. Parasites destitute of chloTophyll, with 
filiform stems, which attach themselves to other plants by means of 
roote and derive their nourishment from them i the small flowers are 
arranged in fascicles (Fig, 256 b) : fruit, a capsule with transverse 
dehiscence. 

Cuscuta m-roprta, the greater Dodder, which occurs commonly on Kettles and 
Hops, is widely distributed : C. «p(7tnum is the Flax Dodder, and C. epilAymum, 
the lesser Dodder, occurs on various low-growing plants such as CloTer, which it 
often destroys- 




Ovary trimerous and trilocular with one 
lies : capsule locuUeidal, Mostly herbe 



Fam, 3. Polbmoniacb^ 

erect or several oblique 
without milky juice, 

Fokmimiuin ceemloim is Jacob's ladder ; various species at Fhioz are common 
garden plants. 

Fam. 4. Solanacbs. Ovary consisting of two obliquely placed 
carpels, bilocular, with numerous ovules attached to the septum ; the 
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Upturn eometimes projects so far into the cells that the ovary appears' 
to be qoadrilocular, as in Datura : ovules campylotropous ; hnit a 
capsule with various dehiscence, or a berry : seed with endosperm. 
Herbs, occasionally woody plants, without milky juice. Inflorescence 
cymose, but complicated by the displacement of the bracts. Fig. 257 
B, for instance, is a diagram of the inflorescenc« of Atropa : the main 
axis which terminates with the flower 1, bears a biacteole la and a 
lateral shoot terminating in the flower 3 ; this springs from the axil 
of a bract Ifi which however is not inserted at the base of its 
axillary shoot (the point of the arrow indicates its proper position), 
but ia displaced upwards until it is close under tbe bracteole 2a ; 
this displacement is repeated throughout the whole system of 
the cyme, so that in Atropa there are always two leaves below each 
flower, a larger one (Fig. 357 la, 2o, and so on), which is the bracteole 
of the flower, and a smaller one (Fig. 257 A Ofi, 1(3, 2^, &c), which 
is the bract from the axil of which the flowering-shoot springs. In 
other of the Solaneie similar arrangements are found. Most plants of 
this order are poisonous. 

Sab-fuo. 1. SOUHBA. Fniit a berry. In the genus Solanain the anthers 
are ayngeneaione : S, Dulcamara, the Bittersweet, haa a blue flower, and S. 
nigrum bas a white flower ; both are common : S. tjiiieroaum ia the Potato-plant. 
Phytalit Alkekengi, the Winter Cheny, haa an inflated red oalyi which anolosfs 
the beny. Lya^xTncum exuletUnm h tbe Tomato. The fruits of Capnuuia 
Itmgam and atmuum are hnown as Chili Peppera. Atropa BelladffrtTia ia tbe 
Deadly Nightshade i the anthers are not ayngeneeioos, and the corolla is cam- 
panulate ; the berries are black and very poisonoua. Lj/eium barbaium ia a abnib 
belonging to S. Europe which has become wild in places in tbe North. 

8ub-fam. 2. Nicotiahe^ Fruit 
a 2-valved locnlicidal capsule. 

Nicotiana Tabaeum ia the Tobaeco 
plant (Fig. 133 £). Petunia is 
commonly cultivated. 

Sub-fam. 3. Datobex. Capsule 
almost quadrilocnlsr in consequence 
of the outgrowth of the aeptum, 

Datura Stramonium ia the Thorn- 
apple. 

Sub-fam. i. HvOBCTAMBi Cap. F". ■26B.-.1. Plt.wero(Andiu«{.HghUrmig.): 

sule dehisces ttawereeiy. llf^wl^' '"w tT^ 'T'^'** "' 

„ . . , FrultolHyoHHi (rub.)- t^ tta« recoptaclBi «, n, 

SjfOKyamja niger la the common ^ tarn HohimU : jr. the .tyl* C. Dla«nm ot 

Henbane. tbs quadillocular cnrj in tniii. ■ectloD : r. Uw 

■ . Fam.6. A8PEEIFOLI«(BoiU- -l™*! "^u™. ; ^ p. th, pl™nt« ; .. the ovul- 

QU<E«). Ovary.consistingof two median carpels, spuriously qaadrilocu- 
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lar in conseqaence of a constriction along the dorsal sakue of each cupel 

(F^. 358 C, r) : the rangle style arises from the isuured apices of the 
carpels, and is snrronnded at its base bj the four ioculi ^Fig. 258 B) ■ 
each loculas contains a single suspended anatropous omle. Whoa 
the f niit is ripe the Ioculi separate completely, and appear to be four 
achfenia : seed without endosperm : the corolla osually has four 
scaly ligular appendages at the jouction of the limb trith the tube 
(Fig. 258 b) : inflorescence cymoee, scorpioid and often veiy compli- 
cated. Herbs or shrubs generally covered with harsh hairs and only 
rarely glabrous, e.g., Myoeotis palvetris. 

Snb-fum. 1. Ehretoidex. Style at the apex of tiie orary. 

SeUotrejnum pemviantim, a well-known gardan plant with fragcaut flowers. 

Snb-fom. 2. Boraoinoisxx. Style ingerted betwMD the fonr looali 

Uyoaotia is the Scorpion-grua ; Jit. paliulrU, the Foiget-me-not, oocuia in damp 
phcee, M. tylvatica in woods, and M. om^nnisaud othets in fields. LUho^enavn 
artimae (Gromwsll} L. officinaU, Eddum vulgare (Viper's Bngloss), Lycopti* 
arvenaia, (Common Baglow) Oynogloitaw. officinale, (Honnd'a-tongue) are cemmon 
weeds. Barago offidnaiit is the Borage. 

Order 33.— LAmATin.0B£. 

Flower pentamerous, aygomorphic with median symmetry : corolla 
usually bilabiate, the two posterior petals being connate and forming 
a frequently helmet-shaped (goleate) projectii^ upper lip, the anterior 
petal, with the two latfird petals, forming the under lip : the posterior 
stamen is usually abortive or appears as a staminode ; the two lateral 






beoDdsrUp. 


B. ITppsrUpnt thcHme.iHDfiomwltlilD: i,Uwtwoloiigsruit«rlorituiiou 






th»,m«>e 


th»g lobea ot the lD*er Up : s. tlu lobed upper Up ; i, >, the two UUnI ituneiu 


■SattCBu. 



3 generally shorter than the two anterior ones, so that tine 
flower is didynamous ; sometimes the two lateral stamens (Fig; 260 O) 
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and sometimes the two anterior ones (Fig. 260 B) are abortive : in 
the perianth, suppression of the posterior sepal sometimes occurs 
usually combined with the coalescence of the two posterior petals to 









-Floral diagrams, A. Of most ScrophularinesB. B. Of Veronica. 

bulariesB ; o, upper ; «, under lip. 



C. Of the Lenti- 



form an undivided upper lip (Fig. 260 B) : the two median carpels 
form a usually bilocular ovary which is sometimes subdivided into four 
loculi : leaves scattered, or opposite decussate, exstipulate : the 
leafy shoots have no terminal flower : the formula is generally \|/A!'(5) 
{C{5) A6) Gi?. 

Fam. 1. ScROPHULARiNB^. Ovary bilocular with numerous anatro- 
pous ovules borne on axile placentas : seed with endosperm : stamens 
four, didynamous, often with a rudimentary fifth posterior stamen 
(Fig. 259 B, st) ; sometimes only tfi^ two lateral stamens are present ; 
rarely all five aie fertile. 

Sab-fam. 1. Antirrhinkb. The tipper lip of the corolla is usually outside 
the others in the bud (cochlear sestiyation) ; plants not parasitic. 

In the genus Verbascum, the Mullein, the flower is imperfectly zygomorphic, 
the 5 stamens are unequal in length (2 long, 3 short) : F. Thapsits, the Great 
Mullein, V. LychnitiSj the "White Mullein, and V. nigrum^ the Dark Mullein, 
occur on banks and waysides. Antirrhinum, the Snapdragon, has a projection on 
the lower lip of the oorolla termed the palate ; the corolla is gibbous at the base ; 
stamens 4 (Fig. 259 AB) : A. maJtiSy the great Snapdragon is a well-known garden 
plant Linaria has a spurred corolla ; stamens 4 : L. vulgaris, the yellow Toad- 
Flaz, is common in fields. Digitalis, the Foxglove, has an obliquely campanulate 
■(digitaliform) corolla ; stamens 4: D. purpurea is common in woods ; the yellow D. 
grandiflora is cultivated. Scrophularia has a globular corolla ; S, nodosa (Figwort) 
and S. aquaiica are common. Veronica the Speed-well, has only the 2 lateral 
stamens, and the two lobes of the upper lip of the (rotate) corolla are united ; the 
posterior lobe of the calyx is suppressed (Fig. 259 (7, 260 B) : F. AnagalliSy and 
V. Beecabunga are common in ditches, V. arvensis, agrestiSf serpylli/olia and 
others in pastures and fields. In Gratiola, the Hedge Hyssop, the two anterior 
stamens are represented by staminodes. Paulotcnia imperiaiis is an ornamental 
flowering tree from Japan. Many species of Mimulus (Musk), Calceolaria, and 
Pentastemon, are cultivated. 

Sub-fiim. 2. Bhinanthagsjl Corolla with imbricate sestivatipn ; para^itlo 
plants. 
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PedioDlaris has a 6-toothed calyx, and the npp«r lip of the corolla is gsleste ; 
Euphmais, the Ejebright, baa a 4'toothed calyx : Rhinanthoi, the Battle, haa a 
4-toothed inflated calyx ; Molampyruiii has a 4-tflothed tabular caljx, and the 
eapaiilo ia few-seeded ; all these plants possess chlorophyll, hut they are more or 
leas parasitic upon tlie roots of other plants. Lathnxa tqvamaTia does not 
possess chlorophyll ; it ia of a jmle rose colour irith slightly bluish flowers ; it is 
])arasitic on the roots of trees, especially of the Hazel. 

Fam. 2. Bignoniacba. Stamens generally four, didynamous : seeds 
usually winged, without endosperm. Woody plants or climbers. 

Caialpa bifpionioidta is an omameulal tree from H. America. 

Fam. 3. Acasthaceal Stamens four, didynamous : ovules few, on 
projecting placentas : seed without eudosperiii. Herbs. 

Acanlhiia mollis and other species from-S. Europe, are ornamental plants. 

Fam. 4. GESNERACEai. Stamens usually four, didynamous, or some- 
times two only : ovary unilocular with numerous parietal ovules. 
Generally herbs with opposite leaves. 

Columiiea Sckitdeana, Achitnenea, Ijgeria and others are ornamental plantt 
from tropical America. 

Fam. 5. OBOBASCHBa. Plants which are parasitic on the roots of 
other plants, destitute of chlorophyll, with scales instead of leaves, 
otherwise similar to the foregoing. 

Orobancht rubena and cruBrUa (Broomrapes) on Leguminosse, lucortim on Ber- 
beris, Hedercc on Ivy, ramoia on Hemp ; mostly of a brovnish or whitish hne, 

Fam. 6. Lentibulabiba. Only 

the two anterior stamens are deve- 
^ loped(Fig.260C): ovules numerous 
on a free central placenta : seed 
without endosperm. 

The numerooa apeoies of Utticularia 

are floating water-plants with finely 

dirided leaves bearing bladder-like appen- 

iBL-BladdB™ of DtrieuUria. A. j^g^ ^i,ioh serve to catoh small aquatic 

view :ftiBdI«J:o.™t«n(»;i and i, j ^ fj- jg^j PinguiClda VjOgaTia 

uriBuj appondagsa. 5, Section ; », a viilye n , ii . 

oponing Inwards and preTenUng the eilt of '■"* («?">« (Bntterworta) are amaU pUnti 

the iiDpriaoned animal (mag.), with rosettes of radical leaves growing in 

damp places. 

Fam. 7, Labiat-b. Stamens four, didynamous (F^. 262 £) ; rarely, 
as in Salvia and ito allies, only the two anterior stamens are developed : 
ovary sub-divided into four chambers, as in the Boragine», which part as 
the seed ripens into four achfflnia(Fig. 262 C) : the ovule in each chamber 
is solitary and erect : seed without endosperm. Herbs with decussate 
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leaves and quadrangular atem ; the flowers are disposed apparently in 
whorla round the atom, but the inflorescence la in fact made up of com- 
pound cymes or dichasia, 

termed verticillasters, dc- i^^""^ / ? i 

veloped in the axil of each 
of the two opposite leaves. 

Snb-fam. 1. Ootuoide^ 
Stamens i, descending. 

Oeymum Btuilicum, tbs 
tweet Basil, from India, and 
Larendula, the Lavender, 
from S. Europe, are culti- 
vated as potlierbs. 

Sab-fum. 2. Menthoides. 
Stamens i, eqnal, ascending, 
divergent : corolla almost 
regular, 1- or 5-lobod. 

Many species ot Mentha, 
Mint, are common. Several 
species of Coleua, and Pogostemon Patchoidi, yielding oil of Patchonli, are culti- 
vated. Lycopus has only 2 atamena. 

Sub-fam. 3. SATiraEiNES. Stamens i, with broad connective, divergent. 




Origanum, vulgare is the Wild Maijoram ; the Sweet Marjoram which is 
cultivated is an exotic species. Tkymiti Serpyllum ia the Wild Thyme ; the 
gaiden Thyme ia T. vulgari3 from S. Europe. Saturtia korlentU (exotic) is thit 
Summer Savoy. Various species of Calamintha (stamens not divergent) are 
common, as also Clinopodium vulgare, the WOd Basil. 

Sub-fam. 4. Melibsinex. Stamena i, with Dorrow, connective, divergent, 

Melista ogicaudU, the Balm, and Hyaaopus, the Hyssop, itre cultivated as 
potberbs. 

Sub-fam. G. Monardea Stamens 2, ascending; one cell of each anther is 
either wanting or it is widely separated from the other. 

Salvia, verbenatta, the Wild Sage, is common. BosmaHmts cfficinalis, the 
common Roaemarj, is exotic 

Sab-bm. 6. Nepbtba. Stamens i, ascending ; the posterior two are the 

Nepda Cataria, the Catmint, occnra in hedges, and Oltdwma hederaeea, the 
Ground Ivy, ia very common, 

Snb-fam. 7. Stachtsea, Stamens 4, ascending ; the anterior two are the 
longer ; xippet lip of corolla usually arched (riogent). 

Lamium album, the Dead-Kettle, and purpureum are veiy common. Various 
species of Galeopsis, Stachys, Betonica, Mamibium (Horehonnd), Ballota, 
Melittis, and Leonorus are common. 

Snb-bm. 8. Scctbllasi^ Stamens 4, sscending : calyx closed when the 
Iroit iaripe. 
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In the genns SenteD^ft, the anthsTB of the anterior pair of itamenB sre nni- 
locnUr ; S. galericiUata, the Common Sknllcap, uid S. mirur, the Lesser Sknll- 
cap, are common. lu the genua PmnGUa each filament has a small tooth below 
the anthets : P. VKlgaru is common. 



Sub-fam. i 



Ajuooidea. Stamens t, osceadiuR. 

and Ttuaium Soortdonia, tha Wood 



Fam. 8. Yebbenacea Stamens four, didynamoue, ortwo:oyaiy 1 or 

2-locuIar, with two ovules in each loculus, or spuriously 2 or 4-locuIariii 
consequence of the presence of false disaepimente, with one ovule in 
each loculus : the fruit separates into 2-4 aegmeuts (achsenia) : style 
terminal : leaves usually opposite, exstipulate. 

Verbena offinTutlii, the Vervain, is common on waste gronnd and roadsides i 
V. Aubleiia ia a common garden plant. Tedona grandit, the Tank tree of the K 
Indies, has a hard wood used in ship-bnilding. 

Fam. 9. Globui.abie£. Stamena four : ovary unilocular, with one 
suspended ovule : style lateral '. seed with endaaperm : leaves 
scattered, inflorescence capltulato. 

BlohulaTia vulgarii and eordi/olia with radical leaves occnr here and there iii 
dry places on the Continent. 

Bam. 10. Flantaoini^s. 
Flowers actinomorphic and ap- 
parently tetramerous, but the 
true interpretation of them is 
deduced from those of Veronica : 
the posterior sepal ia suppressed, 
as also the posterior stamen; the 
two posterior petals cohere to 
form an upper lip which is quite 
(lis similar to one of the lobes of 
^Iti^'cBi^.r^to'thB tbe three-Iobed lower lip; sta- 
le uppm, and "the under lip. mens four, the two anterior not 
: ovary unilocular or spuriously 3-4-lociiIar ; placenta 
parietal : fruit a capsule with transverse dehiscence, or an achienium : 
seed with endosperm. 




% (Ribwort), mifjor, media, the Plantains, are weeds nni- 
versallf dietribnted. The leaves form a rosette just above the root, and the long 
scapes spring from theiraiils bearing wmple Hpitcs (Fig. 263 a, d), la P. Oyni^, 
Psyllium and others the main stem ia elongatod : the testa of the seed i» mncil. 
aginons. InlAicrtUaliKutlriitiie flowera are moncecious ; it grows on the bottom 
of shallow waters : Ihiit l-seeded, indehiscent. 
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2, Epigyrue. 
OidBE 34. — Cakfandlina. 
HowOTB acMnomorphic or zygomorphic, pentameroue ; sepals leafy 
and narrow : stamens nsually free from the corolla, but ^fton ooanate :■ 
ovary (rf two to fivo carpels, inferior : formula, A'S (7(5)^4(5) ff^|to5|. 
Fam. 1. Campanulacba Flowers hermaphrodite, usually actino- 
morphic : stamens five, often connate at the base ; ovary usually tii- 
k»Qi)Iar, with numerous ovules ; placentation axile : fruit a capsule : 
Med %ritli endosperm. Mostly herbs with milky juice. 




QuU : f, infarior OTity ; t. in«rtlon of ths 
f ths sUmeiu ; n, stlgmu (mag.). 
CamjKomla rotujid^olia, the Hare-bell; glomentla tmd other speoiaa are com- 
mon in fields, OD heaths, kc^kc: C. fmiUa is the Cauterbnry-bell cnltivated in 
gudena. Phyteuma orbieulare, ^^icatum, the Kampions, ore indigeoons id parts 
of England ; the flowere ore in capitulo, and the caljx is deeply G-cleft with 
spreading teeth : nearly allied is the geniiB Jaslone ; J. numlana, the Sheep's-tat, 
is common in England. Specularia has 
a rotate corolla ; S. ^tculum, Venns's 
Looking-glasB, is cultivated. 

Fam. 3. Lobeliackj^ Flowers 
hermaphrodite, zygomorphic {Fig. 
266) : the coroLU i» commonly 
gamopetaloas, forming a tube 
whiob is more or less cleft on one 
side, and the limb is divided 
into two lips, the lower one 
con.i.liBg .f thre. l.be. (Fig. 266 .,~ ~; t^.-lt"!^;.'— : 
A, u) and the upper of two smaller >, atuDeui. b. AndnHiuiii wd g;iiiiKt«Di 
ones (Fig. 266 4 0): at their first ^'^^^j^^'j'*"'™**^'^"*™'' 
formation the position of these 

parts is exactly the. reverse, but in the course of development the 
pedicel undei^ocs torsion, so that, those parte which are originally 




FAST IV. — THR CLASSIFICATION OP PLANTS. 



296^ 

posteriur become anterior, and viee-versa : anthers syngeneaious (Fig. 
266 B, sr) and unequal in consequence of the zygomorphio structure 
of the flower ; ovary, 1, 2, or 3-locular, with numerous anatropoua 
ovules : fruit a capsule : seed with ondoapenn. Herbs or shrubs 
usually with a milky juice. 

L. Dortmanni, the Wat«r Lobelia, and L. urem, the acrid Lobelia, occnr in 
some parts of England. 

Fam 3 Coodhbitack*. 
Flowers dicbnoua or polyga 
mous, actmomorphic corolla 
of five petals stamens five, 
but two pans cohere, so that 
there appear to be but three 
(Fig 267, diagram), sometimes 
there is only one short one 
with a large suuoos anther 
ovary mfenor, unilocular, or 
spunoualy multiloculai, with 
one or (more often) many 
ovules: fruit baccate(apepo or 
a succulent berry), often of 
great size, with a relatively 
thick and solid epicatp: seeds 
withont endosperm. Herbs 
I ot temaia with scattered leaves, often 
i!^ ' Bttm™.' '^^'^'^^^ ^^ tendrils growing 
; ii, stuneDn; by the side of the leaves, 
ofr CucwrJitoJ'epo, iathe Pumpkin: 

Wta. * ' ' "^ '''^ geuns Cucamis lias free ata- 

tneus ; Cucamis aativa, is the 
Cacumber, and 'pMcumis Meio is the Melon .■ CUnilliis vutgaria is the Water 
Melon. The geaas Bryonia hue a email vhite corolla, the locnli of tha ovaiy 
are 2-seeded, and the fruit is a sacculent beny ; B. dioica ia common in Bhnib- 
beriee and hedges. 




Order 35. — AaOHBOAT*. 

Flowers aotinomorphic or zygomorphie, 4-or 5-merous : calyx incon- 
spicuous, often altogether suppressed : stamens commonly inserted 
on the tube of the corolla : ovary inferior consisting of 2-5 carpels : 
the flowers are generally collected into capitula : general formula, 
Ka or 0, C(ii) An O^to^, where n — 4 or 5. 
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Fam. 1. Rdbiacba. Flowers actinomorphic, i-or S-meroiiB : calyx 
leafy or suppressed : corolla with valvato sestivation : OTary 1- or 2- 
locular, consisting of two carpels, 1- or many-seeded : seed oeually con- 
taining etidoeperm : 
leaves decussate, sti- 
pulate : stipules fre- 
quently segmented 
(always in the indi- 
genous genera) and 
quite similar to the 
true leaves (Fig. 268 
A, n, «) : the true 
leaves are distin- 
guished by the bran- 
ches which arise in 
their axils (Fig. 268 

Sub-fam.I. Stbllata. 
Stipules krge and leafy. I 

OaliuDi, Bedstraw, has 
a rotate corolla and 
on inconBpicQons calyx, 
Qsaally Utramerons i Q. 
verum, MoUugo, Apa- i 
rine, and others are " 
common in hedges and 

CU4ULU1 , «, imLuim \ n, aujcLUH. 

pastilles, Asperula has 

ail iufaudibnlifotm corolla, but in other respects the flower resembles that 
of Galium ; A. odoraia, the Wood-raff, is common. JiiiMa tiJidorum, the 
dyer's Madder, has a pentamerona flower, a rotate corolbt, aad b baccate fruit ; it 
is used iu dying and largely cultivated ; it a indigenous in Southern Europe and 
the East ; it a closely allied to the British species R. percgrina, the Wild 
Madder. Sherardia has a conspicnooa calyx ; S. arvenns, the Field Madder, is 
found in cultivated and vaate places. 

Sab-fani. 2. Coffbaoes. Stipules scaly : loculi l-seeded. 

Coffea arabka, the Coffee-tree of Africa, is grown in the tropics ; the frdt, ■ 
berry, contains one or two seeds ; the so-called coffee-beau is the seed which con-, 
aists of endosperm and contains a small embryo. Cephaelis yields Ipecaohuana. 

Sub-fam. 3. Cincmost,^ Stipules scaly ; loculi many seeded. 

Various species of Cinchona, indigenous to the eastern slopes of the Andes, bnt 
cnltivated in Java and the East Indies, yield the cinchona-bark from which 
Quinine is prepared. 

Fam. 2. Capbifoliaobj:. Flowers usually pentamerona, actinomor- 
phic or zygomorphic : corolla usually with imbricate eestivation ; ovary 




eDted attpulcA re 



t, calyi <rudl[aeatAiy> ; 
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2-5-locukr : ovules pendulous : fruit baccate ; seed with endospenn : 
leaves opposite^ usually exstipulate. Mostly trees or shrubs. 

Sab-fam. 1. Sambucea. Corolla rotate, UBoally actinomoiphic ; one seed in 
each locolus. 

Sambucus has a 5-partite- corolla, and 8-5 seeds in the berry ; S, nigra is the 
Elder. Yibamom has a 5-partite corolla and 1 seed in the berry ; V. Lantana 
and V, optUttSf the Gnelder Bose, are common ; a form of the last species is colti- 
vated, in which all the flowers (and not merely those at the circumference of tiie 
corymb as in the original species) have large corollas, and are barren. Adoooa 
mo3chcUelUna is a small plant occurring in damp woods ; the stamens are branched. 





Fio. 269.— Floral diagram of 
CaprifolUcese. A. Leyceeteria : a, 
gyncecium of Lonicera : 6, of 
Symphoricarpus. 



Fig. 270.— Flower of Lonicera Oaprifclium : f, ovaxy ; it, calyx ; r, tobe ; c, e, the ive k>bea of 

the limb ; st, stamens ; g, style ; n, stigma. 

Sub-family 2. LoNiCEREiB. Corolla tubular, usually zygomorphie : locnli con- 
taining several ovules. 

Lonicera, the Honey-suckle, has 2-3-locular ovary ; L. Caprifolntm and Peri- 
clymenum, with a climbing stem, are well known garden shrubs ; in many species 
the fruits of two adjacent flowers grow together to form a single berry (e.g,, L. 
alpigena). Symphoricarpus racemosus, the Snowberry, has a 4-5-locular ovai;jr 
and white berries ; it is a common ornamental shrub. Diervilla has a bilocular 
capsule ; D. Ccmadensis and rosea are ornamental shrubs. LinTUiea horeaUa is a 
small creeping plant in Norway and in the Alps. 

Fam. 3. Valerianea Flowers zygomorpbic or irregular, originally 
pentamerous : calyx wanting, or sometimes assuming the form of a 
hairy corona of ten rays, called a pappus, which is not developed until 
after flowering (Fig. 271, Byp\ during flowering it r^nains short and 
infolded (Fig. 271 Ay k) : only three stamens are usually developed : 
carpels three, forming a trilocular ovary, of which, however, never more 
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than one loeuliu developeB ; ovuk aii^e, euqieiided. (Diagram, Fig, 
271) : seed without endoapenn : leares decussate, exatipulate. 

Valtriana offieinali), and diaiea, 




an common in damp places. To- 
leritinel]* has a toothed c«1;z-Iimb, 
maDf species are common in fields : 
Valeriantlta otUoria, Conualad, or 
Lamb's lettDce, k SBtsD. CeTttntrUhJU 
rubtr IB an ornamental plant ; only 
one stamen and one carpel are deve- 
loped (Fig. 271, Diagram B) ; at tlie 
base of the tube of the corolk in a 
spnr wMcb ia indicated in YateriaQa 
by a protaberaBoe. 

Fam. 4. Difsacrb. Flower 
or^inallj pentameious, and bui- 
roonded by an epicalyz (Fig. 
272 if) formed of connate 
bracteoles : caljx often plumose 
or bristly (Fig. 272 ft) ; corolla 
bilabiate: stamens only four, the 
posteriot one being snppreaaed : 
ovary unilocular with one suspen- 
ded OTuIe : seed with endosperm : 
leaves decassate, exstipulate ; ^ „, , _ ■ ~. ,. ^ „ , _■ 

^ f •" • rio. J71.— J. Flower, B. Prult o! ValBrian ■ 

flowers in a dense capitulum /, otut ; t, caifi -. e, coioiiii : a, npur ; n, bu- 
Burrounded by an involucre: "^^ (;.'tri»;p. p^pp--- FtonJ di"*™".-*. 
the outer florets are usually 

ligulate : the receptacle may or may not bear scaly brocteoles : fruit 
invested by the epicalyx which is cleft longitudinally. 

Dipsacus, the Teazle, has a oolyz without bristles ; the capitnla of Dipiaeus 
Fultonum, are osed in Soishing woollen cloth, for the nake of the strong hooked 
epines of the bracts : D. ailjiealris is cwnmon on waste gronnd. Soabiosa haa 
paleee, and the projecting limb of the epicalyx is dry ; S. Colun^aria ia common 
io pastures. In Succisa the limb of the epicalyx is herbaceous ; S. pmlentis 
occurs in damp meadows. £naulia has palee ; epicalyx entire ; K. anentit 
ia common ia fields. 

Fam. 5. Composite The flowers are always collected into many- 
flowered capitula (sometimes only 1-flowered) : in the same head, 
hermaphrodite, female, and asexual flowers generally occur: ovary 
inferior, unilocular, with a basal, erect, anatropous ovule : the calyx ia 
rarely piesent in the form of small leaves or scales (Fig. 275 D, p) ; 
more commonly it is a crown of simple or branched hairs {Fig, 273 p, 
and 275 A, E, p), and is not developed till after the flowering is over 
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it is tetraed the pappus : sometimeB the calyx is' wholly wanting i 
corolla tubular, either regular, and 5-toothed (Jig. 273 A, e, 275 C, 
m, e), or expanded at the upper end into a lateral limb with 3 or 5 
teeth (Fig. 273 B, 275 B, ra), (Fig. 275 A, c), when it is said to be 
ligulate ; the stamens are short, inserted upon the corolla (Fig. 273 
A, et) ; the anthers are elongated and eyngenesious, forming a tube 
through which the style passes (Figs. 273 A, a, 275 A, a) : this is 
bifid at its upper end (Figs. 273 A, n, 275 A and C n): on each of 
tliese branches the stigmatic papitiee are arranged in two rows : in the 
wholly female flowers the styles are usually shorter (F^. 273 B, g) : 
Fruit an inferior achene (cypsela), crowned by the pappus (Fig. 275 E 
and D,p) when this is not wholly wanting (Fig. 275 F,/) : sometimes the 
fruit has its upper end prolonged into a beak, and its surface is 
covered with ridges or spines (Fig. 275 £, h) : seed without endosperm. 

Usually herbs with scattered (more rarely decussate), eistipolate 
leaves, often with milky juice. The capitula are always surrounded 
by a number of bracts forming an involucre (Fig. 275 B, t). The 
scaly bracteoles of the individual florets (paleie) may be present or 
wanting (Fig. 275 O, d). 

The GompositEB are classified according to the form of the flowers 
and to the distribution of tbe seses in the inflorescence. 
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Snb-fam. 1. Tubttliplok*. The capituU either consist entirely of liBrma- 
phrodite tubular florata {by tubular flowers lire meant thosB with a regular 
6-toothed corolla) or the central florets (florets of the disc) are tubular and 
hermaphrodite, irhereas the florets of the ray are ligulate and female or asexual, 
and form one or two rows (Fig. 272 B, 273 B, ra). 




Pio, 276.— Flowen of CompneiOn ; /, fruit or ovary ; 4, Ita bwk ; p, pappus ; e. enroll* ; 
>, atomeiu: h, gtlginu. A. Ugulnle flower of Tusiscuni, <niUi % i-tODtlied oilri-lluib, 
honasphrodito. a. Capltulum ol Achillea (msg.) : m, floret of Uio mj, wlUi ligulate S-toolbod 
corolla, female ; m, bonnnphradlU floreta of the dlio, with a 6-toathed tubular corDlla : 
i, involucre. C. Longitudioal section more hl^ty magnified ; r, receptacle ; i, involucre : 
d. brseteoleB (palen) ; ra. floret of tbe ray : m, floret of tbe dice ; W, itigmse ol Ihe femala 
Sowen, D. Fruit of Tanacetum, vlth a icbI; pappui. S. Of Tareucum, witli a taairr 
pappui. J 



Tribe 1. EOFATORtAOE^ The brancheB of style narrow ; pajullBB extending 
to the middle. 

Eupat&rium CatiTiabmmil, Petantee a^idmslia, the Botter-bnr, Ttusilago Far- 
fara, the Coltsfoot, are common in damp places. 

Tribe 2. AsteboidEjC. Branches of the etyle hairy abore, papillce extending 
to where the hairs begin. Many species of Aster, belonging chiefly to N. America, 
are cultiTBl«d as ornamental plants, as also CallitlephKg Chinenaia, commonly 
known aa the China Aster. Erigcron acer and wnadenaii, the latter is an imported 
weed. Betlit peraaiia, the Daisy, is univeraaL Inula SeUtiium is tbe Ele- 
campane. Solidago, tbe Golden Bod. 

Tribe 8. Sekbcionidka. Branches of tbe ityle tufted at the tips. 
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Senecio vtUgems, the Groundsel, is nniyersal as a weed. Amicct fnantana 
occurs in alpine woods. Artemisia AbsyrUhium, Wormwood, A. vulgaris and cam- 
pestris are common. Ohrysanthemum LencaTithemum, the Ox-eye Daisy, is common 
in fields. Matricaria ChamomUla, the Wild Chamomile, has a hemispherical 
hollow receptacle destitute of paleee. Anthemds nMlis, the Common Chamomile, 
has a receptacle bearing palese, as also A. arvensis, the Com Chamomile. Achillea 
Millefolium is the Milfoil. Tanacetum vulgare^ is the Tansy. Helianthus 
annuuSf is the Sunflower ; oil is extracted from the seeds : the tubers of E. 
tuberosuSf a West Indian species, are rich in inuline, and serve as a vegetable and 
for fodder (Jerusalem Artichokes). 

Tribe L Cyvahzm. Style thickened below the branches Thistles, leaves 
generally armed with thorns. 

Lappa (Arctium) major, minor, tomentosa, the Burdocks, are common by road- 
sides ; the leaves of the involucre are hooked and spinous. Carduus nutans and 
arcanihoides are Common (true) Thistles : Cirsium lanceoUutum, palustre, olcra- 
ceum, rivulare (Plume-thistles), are common in damp districts. Carlina 
acaulis is the Carline ; the inner leaves of the involucre, which are white, fold 
over the flower head under the influence of moisture, but in drought spread widely 
open. Centaurea scaMosa, jacea, the Knapweeds, are common everywhere : C. 
Cyanus is the Corn-flower or Blue-bottle, occurring in wheat fields. Oynara 
Soclymus is the Artichoke ; the flower buds are eaten as a vegetable. Carthamus 
tinctoria, the Safflower, is used in dyeing. In Echinops, the Globe-Thistle, 
(exotic), numerous one-flowered capitula are collected into one large js^erical 
head. 

Sub-fam. 2. LABiATiFLORiC. Hermaphrodite florets with a bilabiate corolla ; 
the male and female florets have a ligulate or a bilabiate corolla. S. American. 

Sub-fam. 3. Iaqvliflorje (Cicfwriaceae). All the florets are hermaphrodite ; 
limb of the corolla 5-toothed and ligulate (Fig. 275 A). 

Taraxacum officinale, the Dandelion, is the commonest of wild flowers. Lactuca 
scUiva, is the Lettuce. L. Seariola, virosa, and others, are common in waste 
places. Scorzonera hispaniea is eaten as a vegetable. Tragopogon porrifoUum, 
the Salsafy, and T. pratensis, the Goat's beard, are common. Cichorium Intyhus, 
the Chicory, is foiind by roadsides ; the roasted roots are mixed with Coffee : C. 
endivia (Endive) is a vegetable. To this gsoxip belong also the genera Hieracium, 
Sonchus, Crepis, Lapsana. 
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Table giving the Classification of Angiosperms usually followed in 
England, and showing its relation to that adopted in this work. 



DICOTYLEDONS. 

Division I. PoLYPETALiE. Sepals and 

petals usually present; petals dis- Sub-class. ELEUTHBROPETALiE. 

tinct, rarely absent or united. 
Series I. Thcdamifloras. Calyx, corolla 

and stamens, usually free and hypo- 

gynous. 
Order. Ranunculaceae. ^ 
Magnoliacese, 

Menispermacese. ^ Series. Aphanocyclicce. Order. PolycarpicsB. 
Berberidaceae. 









NymphsBacesB. 

PapaveracesB. 

Fumariacese. 

Cruciferae. 

CapparidacesB. 

SarraceniacesB. 

ResedacesB. 

Bixacese. 

CistacesB. 

DroseracesB. 

Violaceae. 

TamaricacesB. 

Temstroemiaceae. 

Clusiaceae (Gut- 

tifersB). 
HypericaceaB. 
Elatinacese. 
MalvacesB. 
SterculiacesB. 
TiliacesB. 
CaryophyllaceeB. 



^ 



>» 



>> 



n 



» 



} 



» 



» 



,, Gentrosfpermm. 
20 



>» 



CruciflorsB. 



9) 



CistiflorsB. 



j> 



}} 



ColumnifersB. 

Caryophyllinse 
(part of). 



Order. Sapindacew. 
„ Aceraccffi. 
„ Polygalacete 


Series. Kueydka. 


Order. ..EscalJiuB. 


.. ErythroiykcesB. 






.. Li»ace». i. 






„ Oxalidacete. 






„ G«raniace«. 




„ Gniinalea. 


„ UakiminLic^ic. 






„ Tn>piii(,kce£e. ■' 






,. ZygoplijllacetB. T 












„ Xanlhoxylacete. 




„ TerebiDthinee (part 


„ SimaruTjaueaj. 




of). 


„ Meliaccffl. 




„ Aurantiflceffi, 






„ Vitaoeffl. 




„ FrangiUiiMB. 


Series 2. Calydfiorm. Flowers perigynoua 




or epigyuoos. 






Order. Celasdaeeffi. 




„ Frai^lJiue. 


Bhaninaceaj. 






„ T(..vl,intlj,i.ea. 






(Aiiui'Miliaoiiic). 


'• 


oO- 


Lesuuijnosffi. 


„ Ctdioifior^. 


„ LeguminoBfe. 


,, Roeaces. 






MyrtacetB. 






EhizophoraceoB. 
„ Onograce^. 




„ Myrtifiono. 


Lythreces. 






„ Papayaces. 






PoBsifloracete. 




„ PaBBiflorinfe. 








„ Cactaceee.' 




„ Opimtinfe. 


Raxifr^aceee. - 






,, Crassulacete. 






„ Ribesiacee 




„ Sasifraginffl. 




















„ AnJiacee. 


' 


„ Umbeiliflone. 


„ Comacew. 






„ ParoiiychiaceEe. 






„ Portal acaceffi. 


„ CmirotpenMi. 


„ Caryophyllinw (part 


,, Mesenibrjantha- 




oO. 


ceffi(Aizoasee).^ 
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Division II. QAMOPBTALiB (Oorollijhrash „ , , ^ 

Corolla gamopetalous. ^ub-class Gamopbtal^b. 

Series 1. Epigyna, Ovary inferior. 

Series AnisocarpecB epigynof. 
Order. CaprifoliacefiB. 

Rubiaceae. 
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II 
II 
II 
II 
II 



\- 



II 



II 



II 



YalerianacesB. 

DipsacesB. 

CompositaB. 

Lobeliaceea. > 

CampanulacesB. ) *' 
Series 2. Hypogynas v. Perigynas, Ovary 

superior : (inferior in VacciniesB). 
Order. EricacesB. „ Isocarpece, 

Plumbaginacead. 

MyrsineeB. 

PrimulaceflB. 

SapotacesB. 

EbenacesB. 

StjrracacesB. 

AqiiifoliaceflB. {Eleuthero^ 

(IlicineflB). petalcn, EucycliccB 



Order. Aggregates. 



II 



II 
11 
II 
II 
II 
II 
II 



9 9 



II 



II 



II 



II 



II 



II 



II 
•I 
II 
11 
II 
II 
II 
II 
If 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 



,. J 



OleacesB. 

JasminacesB. 

LoganiaceaB. 

Qentianaceep. 

ApocynacesB. 

AsclepiadacesB. 

PolemoniacesB. > 

ConvolvulacecB. | 

SolanaceaB. i 

BoraginaceaB. ' 

PlantaginacesB. 



,, AnisocarpecB hy- 
pogynoe. 



II 



II 



II 



II 



II 



II 



II 



II 



II 



LabiataB. 

YerbenaceaB. 

AcanthaceaB. 

BignoniaceaB. 

GesneraceaB. y 

OrobanchaceaB. 

ScrophulariaceaB 

LentibulariaceaB 

GlobulariaceaB 
(Selaginaceas). j 
Division III. Apetal^ Perianth sepa- 

loid. 
Series 1. Hypogyncs, Ovary superior. 



II 



CampanulinaB. 



Bicomes. 
PrimulinaB. 

DiospyrinaB, 

FrangulinaB, part of), 
DiandraB. 

ContortaB. 



TubifloraB. 



LabiatifloraB. 



Sub-class Eleuthebopetala. 
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Order. PolygonacesB. Series Centrospennas, Order. PolygoniiifiB. 





AmarantacesB. 






»> 


„ CaryophyllinaB (part 




Chenopodiace». 








of). 




PhytolaccaceflB. 


J 








< 


Lauraceea. 
MyristicaceaR. 


} 




Aphanocych 


Icce, „ PolycarpicBB. 




ThymelacecB. 


1 






• 




Eleagnacese. 






Oalycijlorcs, 


„ ThymsBlaBinsB. 




ProteacesB. 


) 










Euphorbiace». 






TricocccB. 


,, TricoccJB. 
Sub-class. JuLiPLOR-«. 




UrticacesB. 


^ 










ArtocarpacesB. 


] 




% % 


Order. UrticinsB. 




UlmacesB. 


c 




# 9 






PlatanacesB. 


J 










PiperacesB. 








,, PiperinsB. 




BetulacesB. 


^ 






• 




Myricaceaa 


] 






f, ArnentacesB. 




SalicacesB. 


\ 










Casuarinaceee. 


J 








Series 2. Epigynas v, Perigynas 


Ovary 




inferior. 










Order. 


JuglandacesB. 


} 








»» 


CupulifersB. 






i> » 












Sub-class. MONOCHLAMyDEJL 


}) 


BalanophoracesB 


• 






Order. BalanophoresB. 


» 


CytinacesB. 


] 






,, KliizantheflB. 


)» 


EafflesiacesB. 






f f — ^-w 


j» 


AristolochiacesB, 








,, SerpentarieaB. 


ft 


SantalaceaB. 


1 






„ SantalinsB. 


if 


LoranthacesB. 









MONOCOTYLEDONS. 

Division I. PETALOiDEiE. Perianth 

usually present and petaloid. 
Series 1. EpigynoR. Flower- tube adherent 

to ovary. 
Order. OrchidacesB. Sub-class CoROLLiPLORiB. 

Order. Gynandraa. 
TaccacesB. 

DioscoreacesB. t -t'/i / 'xv • 

,, ,, ,, LiliinoraB (with in- 

ferior ovary). 



n 



■>» 



)> 



AmarylBdaceaB. J- 

Iridaceas. 

BromeliacesB. 
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Sub-class. COROLLIFLORiB. 

Order. ScltaminsB. 



)i 



HydrocharideeB. 



Order. Musacesa. 

Zingiberaceaa. 

MarantacesB 

(CannaceaB). 

HydrocharidacesB. ,, Helobia. 
Series 2. Coronariece, Flower-tube free 
from ovary. 
A. Syncarpae. Carpels united : seed usually contains endosperm. 
Order. Smilaceae. -v Sub- class CoROLLiPLORiE. 

Liliacei©. > Order. LiliiflorsB (with supe- 

PontederacesB. J rior ovary, part of). 

XyridacesB. \ „ Micranth^. „ Enantioblastsa (part 



»> 
It 



„ CommelynacesB. ) of). 

B. ApocarpsB. Carpels usually distinct : seed usually without endosperm. 
Order. AlismacesB. i Sub-class Helobls. 



JuncaginacesB. 



„ NaiadaceaB (incl. j 



>» 



Order. Polycarpicas. 
Fluviales. 



1) 



PotamogetonesB). 
Division II. SPADiciFLOR-a:. Inflorescence a spadix, with or without a 

spathe. 
Order. PalmacesB. "^ 

Pandanace». „ , , „ 

Sub-class MlCRANTRS. 

Order. SpadiciflorsB. 



» 



(incl. CyclantheflB.) 
„ AroidacesB. 
„ TyphacesB. 



}■ 



** 



LemnacesB. ,, Helobls. „ Fluviales (part of). 

Division III. GLUMiPLORas, Perianth glumaceous. 
Order. JuncacesB. Sub-class Corolliflor«:. 

Order. LiliifloraB (with supe- 
rior ovary, part of). 

DesvauziacesB \ 

(CentrolepidesB). ( Sub-class MiCRANTHiE. 

EriocaulaceflB. ( Order. Enantioblastes (part 

KestiacesB. ' ^^• 

CyperacesB. 

QraminacesB. 



II 



I* 
>i 
>» 
II 



} •• 



II 



II 



QlumaceaB. 



INDEX. 



PART I. —THE MORPHOLOGY, ANATOMY, AND PHYSIOLOGY 

OF PLANTS. 



Absorption bv roots, 

„ of Carbon, 
Achene, . 
Acids, . • 
Acorn, . 

Acropetal development, 
Actinomorphic flowers. 
Acyclic flowers, 
Adliesion, 

Adventitious Memben^ 
JScidium, 
JScidiospores, 
Aerial roots, . 
iEstivation, , 
Air-chambers, 

^.186, • • • 

Albuminous substances, 

Alburnum, 

Aleurone-graius, 

Alkaloids, 

Alternate arrangement, 

Alternation of generations, 

Aluminium, . 

Amentum, 

Ammonia, 

Amoeboid movement, 

Amphigastria, 

Amplexicaul, . 

Anatomy of plants, 

Anatropous ovules, 

Androecium, . 

Angle of divergence, 

Annual plants. 

Annual rings, 

Annual shoots. 

Annular bark, 

Annular vessels, 

Annulus, 

Anterior, 

Anthela, 

Anther, . 

Antheridium, 

Antherozoid, . 

Anthocyanin, 
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. 70 
. 197 
• 73 
. 237 
. 2 
. 189 
. 184 
. 178 
2,16 
. 129' 
. 131 
. 23 
. 13 
. 83 

265, 279 
. 71 
. 54 
. 31 
. 73 
4 
. 97 
. 69 
. 202 
. -74 
, 30 
. 141 
. 11 
. 24 
. 163 
. 176 
4 
. 166 
. 52 
. 16 
. 64 
. 45 

153, 158 
. 188 

202, 217 

. 177 

109, 137, 147 

97, 105, 148 

. 35 



Apex, 

Apical cell, . 

Apocarpous gynoecium, 

Apophysis, 

Apostrophe, . 

Apothecium, . 

Apposition, . 

Archegonium, . 13 

Arillus, . 

Arista, . 

Arrangement of leaves, 

Ascidium, 

Ascogonium, . 

Ascospore, 

Ascus, . . . 

Asexual reproduction. 

Ash of Plants, 

Asparagin, « 

Asymmetrical flowers, 

Atpopous ovules, , 

Autumn-wood, 

Auixospores, . 

Awn, 

Axil, 

Axile placentation, 

Axillary buds, 

Axis, . . . 

Bacca, . 

Balsam, . 

Barium, ... 

Bark, 

Base, 

Basidium, . .114 

Bast (phloem), 

Bastaini, 

Bast-fibres, 

Berry, . 

Biennial plants, 

Bifurcation, . 

Bilateral Structure, 

Blade, . 

Bleeding of plants, • 

Bloom on plants, . 

Bordered pits, 
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. 1 
. 64 
. 180 
. 172 
. 96 
. 125 
. 27 
148, 168 
165, 170 
. 213 
. 3 
. 13 
. 121 
115, 121 
. 121 



, 97 

. 69 
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. 189 
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. 52 

. 108 
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. 198 
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130, 133 

. 45 

. 193 

. 46 

. 198 

. 166 

. 19 

. 88 

. 9 

. 81 
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. 40 
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Bostrycboid cyme, . 


PAGE 

. 21,202 


Centrifugal force, . 


PAOE 

. 87 


Bostrychoid Dichotomy, 


. 20 


Chambered ovary, . 


. 181 


BostiTX, . 
Bough, . 


. 202 


Chemical processes in plants, . 68 


. 16 


Chemical action of light, 


. 95 


Bract, 


: 15 


Chlorine, 


69,75 


Bracteole, 


. 175, 188 


Chlorophyll, . 


. 70 


Branch-Systems, 


. 19 


„ affected by cold, . 94 


Bromine, 


. 75 


„ formation of, 


. 95 


Bud, 


3, 15 


Chlorophyll-corpuscles, . 


. 31 


Bud-scales, 


. 15 


„ „ move- 


Bulb, . 


. 19 


ment of, . 


. 96 


Bulbil, . 


. 16 


Chlorotic plants « 


. 74 


Bundle-sheath, 


. 55 


Cicatrix, . 


. 3 


Calcium, 


69, 74 


Cicinal cyme, . 


. 21 


Calcium carbonate, 


. 34 


Cicinal Dichotomy, 


. 20 


Calcium oxalate, 


34, 74 


Cincinnus, . . . 


. 202 


Callus, . 


. 66 


Cilia, .... 


105, 137 


Calyptra, 


. 138 


Circulation of protoplasm. 


. 30 


Calyx, . 


. 175 


Claw, .... 


. 176 


Cambiform-tissue, . 


. 46 


Cleistogamous flowers, . 


. 258 


Cambium, 


45,49 


( /limbing plants. 


18,88 


Cambium-ring, 


. 49 


Closed bundles 


. 45 


Campylotropous ovules. 
Canal-cells, . 


. 164 


Cobalt, .... 


. 69 


. 137, 148 


Coccus, .... 


. 195 


Caoutchouc, . . 


. 233 


Cohesion, . .175, 


178, 180 


Capillitium, . 


. 120 


Collateral arrangement 


of 


Capitulum, 


. 200 


bundles, . 


. 48 


Capsule, 


. 197 


CoUenchyma, . 


. 55 


Carbon, . 


. 69, 70 


Colletei-s, 


. 62 


Carbonic acid, absorption 


of, . 70 


Colouring matters, . 


. 73 


, evolution 


of, . 77 


Columella, 


. 139 


Carina, . . . . 


. 279 


Common bundles, . 


. 43 


Carnivorous plants, 


. 74 


Complementary tissue, . 


. 56 


Carpel, . 


. 162 


Compound inflorescences. 


200, 202 


Carpogonium, 


106, 112 


Compound leaves, . 


. 12 


Carpophore, . 


. 261 


Concentric ai'rangement 


of 


Caruncle, 


. 243 


bundles, . 


. 48 


Caryopsis, . . . 
Cataphyllary leaves, . 
Oatkm, . . . 


. 197 


Conceptacle . 


. 109 


. 14 
. 202 


Conduplic-ate vernation, . 
Cone, .... 


. 13 
. 170 


Caulicle, 


. 226 


Conidium, 


97, 115 


Cauline bundles, . 


. 45 


Conjugation, . 38, 97, 


105, 116 


Caulome, 


. 1 


Connate, 


. 10 


Cell, the. 


. 24 


Connective, . 


. 117 


Cell-division, . 


. 35 


Copper, .... 
Cork, .... 


. 69 


Cell-formation, 


. 35 


. 62 


Cell-fusions, . 


. 40 


Corm, .... 


. 218 


Cell, nucleus of the. 


. 30 


Corolla 


. 176 


Cell-sap, 


. 35 


Corona, .... 


. 176 


Cell-wall, 


. 27 


Corpusculum, . 


167, 168 


Cells, common wall of, . 


. 39 


Cortex, .... 


44,54 


„ filaments of, . 


. 38 


Cotyledon, 


. 164 


„ forms of, 


. 27 


Cross fertilisation, . 


. 189 


„ surfaces of, . 


. 39 


Crystalloids, . 


. 30 


,, masses of, 


. 39 


Crystals,. 


. 34 


Cellulose, 


27, 71, 72 


Cuneiform leaves, . 


. 11 



Cnpnle, . 

Cuticle, . 

Cuticularisation of cell- 
Cyathium, . 

C.Tcle, . 
Cyclic flowers, 

Cymose branching, 

„ inflorescences, 
Cypselo,. 
C^stocarp, 
C^tolitl^ 
Decnssftte an 

Deferred Bhoota, 
Deffradfttion ptodueta, 
Dehiscence of anthera 
Detiiacent fruits, 
Development of cells, 
DiadplphouB Gtamens, 
Diagonal plane, 
Diagram, floral, 
DicGasium, 
Dichogamy, . 
Dichotomy, . 
Diclinous flowers, . 
Didynamoua atamens, 
Dilierentiatioii of tiEsuea 
Diniorphiani, 
Dincions plants, 

Dissected leaves, 
Distichous arrangement, 
Displai*ment, , 
Diurnal and nocturnal 

Divergence 

Dormant buds, 

Double flowers, 

Drupe, . 

Dry solid of plants, 

Duramen, 

Dwarf-males, . 

Dwarf-shoots, . 

Ectoplasm, 

Elatera, . 

Electricity, 

Elementarr constituents of the 

food of Plants, 
Eleutheropetalous corolla, , 1 
Eleiitherosepalous calyx, . 1 

Embryo, 

98, 161, 164, 194, 203, i 
Embryo-sao, , . . 164, 1 



Empincal floral diagram. 



Endogenoiu members, 
Endogonidio, , 
Endosperm, . 
Endospore, 
Epicalyx, 
Epicarp,. 

Epicoty ledonary porti 
Epidermis, 
Epipynous flower, 
EpipetalouB stamens, 
Epistropbe, . 
Erect ovuk, . 
EiTthrophyll, . 
Ethei«ftl oils, . 
Etiokteil plants, 
Eucyclic flowers, 
Exogenous nieiiibers, 
Eiospore, 
External sheath, 
Extine, . 
EitForse, 
False dichotomy, 
Fascicle,. 
Fascicled leaves, 
Faeciculsi' cambium. 
Fats, . 
Fermentation, 
Fertilisation, . 
Fibni vascular bundles 

Filament, 
Floral diagram, 

„ formula. 
Flower, . 

„ opening and closing o 
„ symmetry of 
Flowers of Tan, 
Fluorine, 
Foliage- leaves, 
FoUicle, 
Food of plants. 
Form of tissue, 

,, of leaves, 

„ of stems, 



Fruit, 

FunJiimeutal t 

Fiinicle 

Gitniopetalous, 

Gamophyllous, 

Oamusepoloua, 

Gases, movement of, 
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PAGE 

Gemmae, 140 

General conditions of plant-life, 92 
Generations, alternation of, . 97 
Genetic spiral, ... 6 

Geotropism 87 

Germination, . . .165, 226 
Glands, . . . . .61 
Glandular hairs, . . .61 
Globoids, . . . .31 
Glomerule, .... 202 

Glume, 213 

Gk)nidium, . . 97, 104, 115 
Grand period of growth, . . 85 
Granulose, . . . .33 
Grape-sugar, . . . .35 
Gravitation, action of, . 87, 96 
Green colour of plants, . .31 
Growing point, . . 64, 84 
Growth, . ... 83 

in length, . . .84 
in thickness, of cell- 
wall, ... 28 
in thickness of stem 
and roots, . . .49 
J, superficial of cell-wall, 27 
„ of starch-grains, . . 33 
Guard-cells of stomata, . . 60 

Gum, 73 

Gum-resin-ducts, . . .59 
Gynoecium, . . . 162, 179 
Gynophore, .... 256 
Gynostemium, . . . 223 
Hairs, . . . . 23, 61 
„ internal, . . .41 
Hard bast, . . . .47 
Heart-wood, .... 63 
Heat, action of, . . . 92 
,, , production of, . . 92 
,, , radiation of, . . , 92 
Helicoid cyme, . . 21, 202 
Helicoid dichotomy, . . 26 
Heliotropism, . . . 86, 96 
Hemicyclic flowers, . .185 

Hermaphrodite flowers, . .165 
Heteroecism, . . . .131 
Heteromerous lichen-thallus, . 126 
Heterostylism, . . .191 

Hilum 33 

Homoiomerous lichen-thallus, 126 
Hybrid, . . . . .193 
Hydrogen, ... 69, 74 
Hymenium, . . . 122, 133 

Hypha, 114 

Hypocotyledonary portion of 

stem, .... 165 
Hypoderma, . . . ,55 
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Hypsophyllary leaves, . 


. 15 


Ice, formation of, . 


. 94 


Indusium, 


152, 156 


Inferior ovary. 


. 182 


Inflorescences, 


. 199 


Inorganic ash of plants, . 


. 68 


Insertion of leaves, 


. 3 


Integuments, . 


. 163 


Intercellular spaces, 


. 40 


Interfascicular cambium. 


. 50 


Internal receptacles for i 


3ecre- 


tions, 


. 57 


Intemodes, . 


2,84 


Intine 


. 163 


Intussusception, 


. 27 


Inulin, . . .. . 


35,72 


Involucel, 


. 201 


Involucre 


142, 200 


Iodine, • . . . 


. 69, 75 


Iron, . . . 


. 69, 74 


Irritability, . 


. 90 


Isomerous whorls, . 


. 185 


Knight's Machine, . 


. 87 


Tiamina, . 


. 9 


Lateral plasoe. 


. 188 


Tjatex, . . « . 


. 57 


Laticiferous cells, . 


. 57 


„ vessels, 


. 57 


Leaf, . . . , 


2,3.8 


Leaf, minute structure of 


. 56 


Tiftaf-traces, 


. 43 


Leaflet, . . . . 


. 12 


Legume, 


. 197 


Lenticels, 


. 64 


Libriform fibres,. . . 


. 51 


Light, action of,. 


86, 91, 95 


Lignification of cell-waU, 


. 29 


Ligule, . . . £ 


), 161, 176 


Locnlieidal dehiscence, . 


. 198 


Lodicule, 


. 212 


Lomentum, . 


. 278 


Lysigenous development, 
Macrosporangiiim, . 


. 57 


. 149, 160 


Macrospore, . 


. 148,160 


Magnesium, . 


69, 74 


Male reproductive cells, 


. 97 


Male flowers, . 


. 166 


Marginal placentation, 
Median plane, 


. 184 
. 188 


Medulla, 


. 44 


Medullary ravs. 


. 45, 53 


Medullary sheath, . 


. 50 


Members, 


. 1 


Mericarp, 


. 195 


Meristem, 


, 42 
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. 196 
. 9 
. 71 
. 163 
. 149, 160 
. 148, 160 
. 10 
Mineral matters in the cell- wall, 29 



Mesocarp, 

Mesophyll, 

Metabolism, . 

Micropyle, 

MicTosporangium 

Microspore. . 

Mid^rib, 



Monocarpous plants, . .166 
MonoBcious plants, . . .166 
Monomerous ovarv, . .180 
Monopodial branch-system, . 20 
Monosymmetrical flowers, . 189 
Mother-cell, . . . .35 
Motile organs, . . . 90 
Movement of water in theplant, 79, 80 

. 82 



r« 



„ gases „ 
Mucilage, conversion of cell- 
wall into, 
Multilocular ovary. 
Mycelium, 
Nectary, 

Negative heliotropism. 
Nitrogen, 

Node 

Nucleoli, 

Nucleus of cell. 

Nucleus of ovule, . 

Nut. 

Nutation, 

Ochrea, . 

Oils, 

Oogonium, 

Oophore, 

Oosphere, 



. 29 
. 181 
. 114 
. 184 
. 87 

69, 74 
. 2 
. 30 

24,30 
. 163 
. 197 
. 88 
. 244 

68,73 

105, 120 

. 98, 136, 147 

97, 137, 148, 164 



Oospore, . . . .104 

Opening and closing of flowers, 89 
Operculum, . . . . 139 



Orthostichy, . 
Orthotropous ovule. 
Ovary, . 
Ovule, . 
Oxvgen, 
PaleaB, . 



Pallisade-parenchyma, 

Panicle, . . . 

Pappus . 

Paraphyses, . .122 

Parasites, 

Parastichy, 

Parenchyma, . 

Parietal placentation. 

Peduncle, 

Pedicel, . 

Peloric flowers. 

Perianth, 



. 5 

. 163 

163, 179 

. 162 

68,77 

200, 212, 300 



56 
. 202 
298, 3(X) 
, 133, 137 
71, 114 
. 7 
. 41 
. 183 
. 175 
. 199 
. 189 
. 175 
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Pericambium. . . .49 
Pericarp, , . . . 1P6 
Pericheetium .... 137 
Periderm, . . . .62 
Peridium, . . . ' . 136 
Perigynium, . . . .137 
Perigynous flower, . . .182 
Periodic movements of organs, 91 
Periodicity of growth, . . 85 
Perisperm, . . . .194 
Peristome, .... 145 
Perithecium, . . . 124, 126 
Permanent tissue, . . .42 

Petal 175 

Petiole 8 

Phelloderm, . . . .62 

Phellogen 62 

Phlogm, . . . .45 

Phosphorescence, . . .78 
Phosphorus, . . .69, 74 

Phototonus 96 

Phylloclade, . . . 19,220 
Phyllode, . . . .281 
Phyllonie, .... 1 
Phyllotaxis, .... 3 

Pileus 135 

Hstil 179 

Pith, 44 

Pitted vessels, . . .29 
Placenta, . . . .183 
Placentation, . '. . .183 
Plane of symmetry, . .188 
Plasmodium, . . . .119 
Plastic substances, . . .71 
Pleiomery, . . . .186 
Pleomorphism, . . .115 
Pleuroffynous stigma, . . 183 
Plumule, . . . .165 

Podium, 19 

Point of insertion ... 3 
Pollen, development of, . . 37 
Pollen-grain, .... 162 
Pollen-sac, . . . 162, 179 
Pollen-tube, . . . 163, 179 
Pollination, . . . .189 
Pomnium, . . . 179, 224 
PoUinodium, . . . .121 
Polyaxial plants, . . .199 
Polycarpous plants, . .166 

Polygamous plants, . .166 
Polymerous ovary, . . .180 
Polypetalous corolla, . .175 
Polyphyllous perianth, . . 176 
Polysepalous calyx, . .175 
Poly symmetrical flowers, . 189 
Porous capsule, . . . .198. 
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Positive heliotropism, 
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. 86 


Posterior, . . . 


. 188 


Potassium, 


69,74 


Prefoliation, . 


. 13 


Prickle, . . . . 


. 23 


Pninary cortex, 


. 54 


Primary iiieristem, . 


43, 65 


Primary root, 


. 164 


Primary wood, 


. 45 


Primordial cell, 


. 26 


Primordial utricle, . 


. 30 


Products of degradation, 


. 73 


Promycelium, 


. 131 


Prophylluju, . 


175, 188 


Prosenchyma, 


. 41 


Protandrous, . 


. 190 


Proteid- grains. 


. 31 


Prothallium, . 


. 147 


Protogynous, . 


. 190 


Protonema, 


. 136 


Protoplfwm, . 
Pseudaxis, 


24, 30 


21, 201 


Pseudopodium, 


. 144 


Pulvinus, 


. 16 


Punctum vegetationis, . 


. 64 


Pycnidium, . 


. 123 


Pyxidium, 


. 198 


Eaceme, 


. 200 


Kacemose branching, 


. 20 


Racemose inflorescence, , 


'. 199 


Radicle, . . . , 


. 165 


Raphe, . . . . 


. 164 


Raphides, 


. 34 


Receptacle, . . 14S 
Re^ilar flowers, 


J, 151, 174 


. 189 


Rejuvenescence of cells, , 


. 37 


Replujn, . . . . 


. 253 


Reproduction, 


. 97 


Reserve-materials, . 


. 72 


Resin-ducts, . 


. 69 


Respiration, . 


. 77 


Retardation of growth by 


light, 86 


Revolving nutation, . 


. 88 


Rhizome, . . . 


. 18 


Root, structure of, . 


. 48 


Root-cap, 


. 22, 65 


Root-hairs, 


. 140, 150 


Root-pressure, 


. 81 


Roots, . . . . 


1,22 


Rostellum, 


. 193,224 


Rotation of protoplasm, 


. 30 


Samara, . . , 


. 195 


Saprophytes, . 


. 71, 114 


Scalariform vessels. 


. 29 


Scaly leaves, . 


. 14 


Schizocarp, . 


. 195 



PAGE 

Schizogenous development, . 57 
Sclerenchyma, . . 42, 66 
Sclerotium, . . . .125 
Scorpioid-cyme, . . . 202 
Scorpioid dichotomy . . 20 

Scutellum 203 

Secondary cortex, . . .64 

Secondary wood, . . .50 

Seed, .... 161, 194 

Septicidal dehiscence, . .197 

Septifragal dehiscence. 

Segmentation of apical cell. 

Seta, 

Sexual reproduction, 

Sheath, . 

Shoot, 

Sieve- tubes, . 

Silicon, . 

Silicula, . . . 

Siliqua, . 

Simultaneous whorls. 

Soft bast, 

Soredium, 

Sorosis, . 

Sorus, . 

Spadix, . 

Spathe, . 

Spermogonium, 

Spermatia, 

Spike, . 

Spikelet, 

Spine, 

Spiral arrangement. 

Spiral vessels. 

Spontaneous movements. 

Sporangium, . . 118, 120, 153 

Spore, . 97, 98, 114, 139, 148 

Sporidia, . . . . 131 



. 198 
. 65 
. 139 
. 97 
. 8 
. 2 
40, 45 
69,75 
. 254 
197, 254 
. 2 
. 47 
. 126 
221, 232 
151, 156 
. 200 
. 200 
115, 126, 130 
115, 126, 129 
. 199 
. 212 
. 18 
6, 184 
28,45 
. 91 



Sporogonium, 

Sporophore, . 

Spur, 

Spurious fruit, 

Spurious tissue, 

Spurious whorl. 

Stamen, . 

Staminode, 

Starch, . 

Stem, . 

Sterigma, 

Stigma, . 

Stigmatic cells 

Stipule, . 

Stolon, . 

Stomata, 

Stratification of cell-wall, 

Striation of cell- wall, 



98, 137 

98, 136, 147, 162 

. 176 

. 194 

. 39 

. 4 

162, 177 

179 

30, 70, 71 

. 15 

114, 123, 133 

. 182 



137 
9 
18 
60 
29 
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Stroma, .... 
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. 124 


Trichogyne, . 


PAOS 

112, 126 


Style 


. 182 


Trichome, 


1,23 


Stylogonidia, . 
Succulent fruits, 


115, 122 


Tuber 


. 18 


. 198 


Tiillen, .... 


. 40 


SuccessioTial whorls. 


. 2 


Turgidity, 


. 84 


Superior ovary, 


. 181 


Twining of climbing stems 


1, . 88 


Superposed members, 


. 184 


Twining of tendrils, 


. 88 


Suspensor, . . 164, 


168, 194 


Umbel 


. 200 


Swarmspore, . 


. 112 


Unilocular ovary, . 


. 180 


Syconus, 


. 233 


Uredospores, . 


. 130 


Symmetry of flowers, 


. 184 


Vacuole, 


. 25 


Sympodium, . 


. 20 


Vegetative reproduction, 
Velum, . . . . 


. 97 


Syncarpous gyncecinm, . 


. 180 


. 135 


Syugenesious anthers, 


. 178 


Venation, 


. 10 


Tap-root, 
Teleutospore, . 


. 22 


Vernation, 


. 13 


. 131 


Versatile anthers . 


. 177 


Temperature, . 

Tendril, .... 


. 92 


Verticillaater, . 


. 202 


. 18 


Vessels, .... 


. 45 


Testa 


161, 165 


Vexillum, 


. 278 


Tetragonidia, . 


. 112 


Vittse, .... 


. 268 


Thallome, 


. 1 


Water, Movements of. 


. 79 


ThaUus, 


1, 23 


Wax, .... 


. 60 


Thorn, .... 


. 18 


Whorl, .... 


4, 185 


Tissues, forma and systems 


I of, 41 


Wood, .... 


. 45 


Torsion, .... 


. 89 


Xylem, .... 


. 45 


Tracheae, 


. 45 


Zoogonidium, 


104, 115 


Trachei'des, . 


. 51 


Zygomorphic flowers, 


. 189 


Transpiration, 


. 79 


Zygospore, . . 98, 


104, 115 
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Abele, . . . . 
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uEsculinae, .... 264 


Abies, . 


. 167,171 


^sculus. 






. 26a 


Abietineae, 


. 171 


-ffithalium, , 






. 120 


Acacia, . . . , 


. 280 


jEthiLsa, 






. 269 


Acanthaceae, . 


. 292 


Agaricinae, 






. 135 


Acanthus, 


. 292 


Agaricns, 






. 135 


Acer, 


. 264 


Agathosma, . 






. 262 


Acerineae, 


. 264 


Agave, . 






. 220 


Achillea, 


. 302 


Aggregatae, . 






. 296 


Achimenes, 


. 292 


Agrimonia, 






. 277 


Achyla, . . . . 


. 37 


Agrost^mma, 






. 246 


Aconitum, 


. 249 


Agrostideae, 






. 214 


Acorus, . 


. 210 


Agrostis, 






. 214 


Acrocarpous Mosses, 


. 145 


Aigeiros, 
Aj anthus, 






. 239 


Acrogynae, 


. 143 






. 263 


Acrosticheae, . 


. 154 


Aira, 






. 214 


Actaea, . 


. 249 


Ajuga, . 






. 294 


Adonis, . 


. 249 


Aizoacece, 






. 247 


Adoxa, . . . . 


. 298 


Alchemilla, . 






. 277 


jEcidium, 


. 132 


Alder, . 






. 235 


-^gopodium, . . . . 


. . .269 


Aldrovanda, 






. 258 
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Algse, 104 


Apricot,, f^ 
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. 276 


Alisma, . 






. 207 


Aquilegia, 


. 249 


Alismaceee, 






. 207 


Arabide«, 


. 255 


Allium, . 






. 219 


Arachis, . 


. 280 


Alnus, . 






. 235 


Araliaceffi, 


. 270 


Aloe, 






. 219 


Araucaria, 


. 173 


Alopecnrus, 






. 214 


Araucariaceffi, 


. 173 


Alpine rose, , 






. 285 


Arbutus, 


. 284 


Alpinia, . 






. 222 


Archangelica, 


. 269 


Alsine, • 






. 246 


Archidium, 


. 144 


Alsinese, 






. 246 


Arctium, 


. 302 


Alsophila, 






. 104 


Arctostaphylot 


J, . . . 284 


Alstroemeria, . 






. 220 


Arcyria, . 


. 119 


Althaea, . 






. 260 


Ardisia, . 


. 283 


Alyssum, 






. 255 


Arenaria, 


. 246 


Amanita, 






. 135 


Aristolochia, . 


. 240 


Amarantaceae, 






. 245 


Aristolochiese, 


. 240 


Amaranthus, 






. 245 


Armeria, 


. 283 


Amaryllidese, 






. 220 


Arnica, . 


. 302 


AmarylliB, 






. 220 


Aroide», 


. 209 


Amentaceae, 






. 234 


Arrow-head, 


. 208 


Auimineee, 






. 269 


Arrow-root, 


. 223 


Ainorpha, 
Ampelidefle, 






. 280 


Artemisia, 


. 302 






. 266 


Artichoke, 


. 302 


Ampelopsis, 
Amygdaleae, 






. 267 


Artificial Syste 


MnB of Classifica- 






. 276 


tion, 


• 98 


Amygdalns, 






. 276 


Artocarpus, , 


. 233 


Anacrogynse, 






. 142 


Arum, . 


. 209 


Anagallis, 






. 283" 


Arundineae, . 


. 215 


Ananassa, 






. 221 


Asarabacca, 


. 240 


Anaptychia, 






. 128 


Asarum, . 


. 240 


AndreflRa, 






. 144 


Asclepiadese, 


. 287 


Andropogonea 


'» 




. 214 


Asclepias, 


. 287 


Anemone, 






. 248 


Aflcobolus, 


. 125 


AnemonesB, 






. 247 


Ascomycetes, 


. 117, 121 


Anethiim, 






. 269 


Ash, • 


. .286 


Aneura, . 






. 142 


Asparaginese, 


. 219 


Angelica, 






. 269 


Asparagus, 


. 219 


Angeliceae, 






. 269 


Aspen, . 


. 239 


Angiopteris, 






. 155 


Aspergillus, 


. 123 


Angiosperinse, 




. 166, 174 


Aspenfolise, 


. 289 


A ngustisepse, 




. 255 


Asperula, 


. 297 


Anisocarpeee, . 




. 230, 285 


Aspidium, 


. 154 


Annato, . 




. 256 


Asplenium, . 


. 154 


AnthemiR, 




. 302 


Aster, . 


. 301 


Anthoceros, . 




. 141 


AsteroidesB, . 


. 301 


Anthocerotese, 




. 141 


Astragalus, 


. 280 


Anthoxanthmn, 




. 214 


Astrantia, 


. 269 


Anthriscus, . 




. 269 


Atragene, 


. 247 


Anthyllis, 




. 279 


Atropa, . 


. 289 


Antiaris, 




. 233 


Aucuba, . 


. . .270 


Antirrhinum, . 




. 291 


AuranticsB, 


. 263 


Aphanocyclicse, 




. 230, 247 


Avena, . 


. 214 


Apium, . 




. 269 


AvenacesB, 


. 214 


Apocynese, 




. 287 


Avens, . 


. 277 


Apple, . 


» « 
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Azalea, . 


. 285 
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Bacillus, 
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. 117 


Bacterium, 


. 117 


BsBomyces, 


. 128 


Balauophora, . 


. 241 


BalanophoreaB, 


. 241 


Ballota, . . . . 


. 293 


Balui, . . . . 


. 293 


BalRam, . . . . 


. 262 


BalsaminesB, . 


. 262 


Balsamodendron, . 


. 263 


Bambusa, 


. 212 


Banana, . . . . 


. 222 


Baneberry, 


. 249 


Barberry, 


. 251 


Barbula, 


. 146 


Barley, . . . . 


. 215 


Barosma, 


. 262 


Basidiomycetes, 


. 132 


Basil, . . . . 


. 293 


Bastard Toad-flax, . 


. 241 


Batatas, . . . • 


. 221 


Batrachospennmu, . 


. 112 


Bear-berry, . 


. 284 


. Bedstraw, 


. 297 


Beech, . . . . 


. 237 


Beet, . . . . 


. 245 


Begonia, 


. 272 


Begoniacesp, . 

Bell 18, . . . . 


. 272 


. 301 


BerberidacesB, 


. 251 


Berberis, 


. 251 


Bergenia, 


. 271 


BerthoUetia, . 


. 275 


Beta, . . . . 


. 245 


Betonica, 


. 293 


Betula 


. 236 


Betulacese, 


. 235 


Bicomes, 


. 284 


BignoniacesB, . 


. 292 


Bilberry, 


. 285 


Bindweed, 


. 287 


Biota, 


. 174 


Birch, 


. 235 


Bird-cherry, . 


. 277 


Bird's-foot Trefoil, . 


. 279 


Bird's-nest, 


. 285 


Bitter-sweet, . 


. 289 


Bixa, 


. 256 


BixacesB, . 


. 256 


Blackberry, 


. 277 


Blackthorn, 


. 277 


Blasia, 


.143 


Blitum, . 


. 245 


Blue-bottle, 


. 302 


Bog-Myrtle, . 


. 238 


Bohmeria, • , 


. 232 



Boletus, . . . . 
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. 134 


BoragineBB, 


. 289 


Boraginoideee, . 


. 290 


Borago, . . . . 


. 290 


Borneo Camphor 


. 257 


Boswellia, 


. 263 


Botrychium, . 


. 155 


Botrydiacett), . 


. 109 


Botrydium, 


. 109 


Box, . . . , 


. 202, 243 


Brachypodium, i 


. 215 


Brachythecium, 


. 146 


Brassica, . . . . 


. 255 


Brassicese, 


. 255 


Briza, . . . . 


. 215 


Bromeliaceoe, . 


. 221 


Bromus, . . . . 


. 219 


Broom, . . . . 


. 257 


Broom-rape, . 


. 292 


Broussonetia, . 


. 232 


BryinsB, . . . . 


. 144 


Bryonia, . . . . 


. 296 


Buck-bean, 


. 286 


Buck-thorn, , 


. 266 


Buck-wheat, . 


. 244 


Buellia, . . . . 


. 128 


Bugle, .. . . . 


. 294 


Bugloss, . . . . 

Bulgaria,. 

Bullace, 


. 290 


. 125 


. 276 


Bullrush, 


. 211 


Bupleunim, 


. 269 


Burdock, . . . . 


. 302 


Butcher's-broom , 


. 220 


Butomus, 


. 207 


Butter-bur, 


. 301 


Butter-cup, 


. 249 


Butter-wort, . 


. 292 


Buxineae, 


. 243 


Buxus, . , , 


. 243 


Cabbage, 


. 255 


CabombeBB, 


. 250 


CactesB, . . . . 


. 273 


CsBoma, . 


. 132 


CsBsalpinia, 


. 280 


CeesalpiniesB, . 


. 280 


Calabar bean, . 


. 280 


Calamagrostis, 


. 214 


Calamintha, . 


. 293 


Calamus, 


. 211 


Calceolaria, 


. 291 


Calicanthaceaj, 


. 260 


Calicanthus . 


. 250 


Caliciese, 


. 128 


Oaliciflorttj, . 


. 230,267 


Calla, . 


. 210 



OalliatephuH, . 
CallitbamDion, 
Callitriohe, . 
Callitrichinete, 
CaUQnn, 
Calosphtem, . 
CalothamnuA, . 
Oftltha, . 
CalyptoHpora, . 

Camellia, 
Campanula, . 

Camp*nulaceie, 
CampanulinsD, 
CampylospeniH 

CannabineEe, 

Cannabia, 

Cannaoe». 

Cantharelliia, 

Capers, . 

CapparWeffi, 

Capparis, . 

Caprifoliaccse, 

Capsella, . 

Capsicum, 

Cariigana, 

Canluus, 

Carei, 

Caricew, 
Garlina, 
Carline Thistle, 
Carludovica, 
Camatiou, 
Carpi nu8, 
Carrageen Moss, 
Carrol, . 
Carthamus, 

Carya, . 

CaryophyDacei 

Caryophyllina 

Caryophyllua, 

Cassytna, 

Cast&nea, 

Caauarinoe, 

Catalpa, 

Cat-mint, 

CatVtail-groM, 

Caucalinese, 

Caucalia, 

Caiilerpa, 

Cedar. . 

Cwlpela, 

Cedcus, 



Celandine, 

Celandine, lesser, 

Celastrinece, 

Celeiy, 

Celosia, 

Celtis, . 

Oenibra, 

Centaurea, 

Centfturv, 

Cen trail tlm3, 

C'antrolepidei 

Centrospermi 

Ceplmelia, 

CtplialaiTitbera, 

Ceramium, 

Cerastimn, 

Ceratodon, 

Ceratophylle* 

Ceratophyllum, 

Cerena, 

Cettaria, 

Cherophyllum, 

Cham^ecypariB, 

Cbameedorea, 

ChamtBrops, 

Cbamnmile, . 

CharaceK, 

Charlock, 

Cheirauthus, 

Chelidonium, 

Clienopodieie, 

Clienopodium, 

Cherry, 

Cherry -Laurel, 
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Jacob's Ladder, 


. 288 


Hop, . 


. 233 


Jalapa, . . 


. 246 



INDEX. 



325 



Jaflione, . 




^ 


. 295 


Jasminese, 






. 286 


Jaflniinum, 






. 286 
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Madura, . 
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Myxomycetes, 
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Order, 
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Orobancheae, 
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Orobus, . 
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Orthoploceae, 
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